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“Short Circuit Study Applied to a Steel Plant 


Power Transmission System’”* 


By R. M. HUSSEY 


It is not intended that this paper shall be a 
highly technical treatise but rather a comprehensive 
description of an existing steel plant power system 
and the practical application of a short-circuit study 
and the use made of knowledge obtained from such 
a study. It is the description of a power system 
which for some few years was served by a compara- 
tively small amount of power generating capacity 
and was equipped originally with switch gear based 
on currents which utilization equipment would use 
rather than on those currents which even the small 
generators might produce in times of ‘trouble. 

The description begins with a period just prior 
to that time when a large generator was installed, 
when more circuits were installed and paralleled in 
order to transmit more power, and leads through 
some troubles that began to appear or were made 
worse by reason of more power on the system, to 
the time when more large generator installations 
were made and troubles became more frequent and 
severe, on through the inception of a short circuit 
study, the actual study, and finally to the program 
for revamping the entire system in accordance with 
what was learned in the short-circuit study. 

The revamping and new construction work which 
has since been done is described very carefully. 

There is no doubt as to improved operations ob- 
taining as the result of such work but, as a number 
of different things were done, it is difficult, in many 
cases, to say just what part of the work has done 
the most good. It would be a matter of personal 
opinion in some cases as to just what benefits have 
been derived from certain pieces of work. In gen- 
eral, however, we have held to facts and figures as 
much as possible with the idea in mind of making 
this a useful contribution to the Association’s pro- 
ceedings. 

The author of this paper will not try to describe 
the system as it existed prior to the time he first 
became connected with this particular steel plant. 
There does not seem to be sufficient data at hand to 
assure a good description prior to 1915. 


(1) Description of System As It Was 

Prior to 1923 

In the early part of 1916 the 6600-volt power gen- 
eration and transmission system comprised two (2) 
1620-KVA_ turbo-generators, two (2) 1000-KVA re- 
ciprocating engine generator sets, one (1) 750-KVA 
turbo-generator, two (2) 4/0 bare circuits each about 
9000 feet long, two (2) 2/0 bare circuits each about 
3000 feet long, and two (2) branch circuits each 
about 2000 feet long. The combined generator ca- 
pacity amounted to 11,990 KVA, but never was there 
more than 9,240 KVA on the line at any time. 

The 6600-volt power used at that time was either 
converted through one (1) 1000-KW M-G set, one 


*Presented before Pittsburgh District Section of the 
A. I. & S. E. E., March 23, 1929. 


(1) 3800-KW rotary converter, three (3) 500-KW 
rotary converters and one (1) 500-KW M-G set, or 
transformed through one (1) 1350-KVA, one (1) 
3000-KV A, one (1) 1500-KVA, and one (1) 450-KVA 
transformer bank, or used in four (4) 650-HP, 6600- 
volt pump motors. 

The switching equipment, exclusive of that con- 
nected to the five (5) 6600-volt generators, was on 
the order of 300-ampere capacity, some of single tank 
design, some of three (3) tank design, some with 
heavy wooden fillers in the tanks that permitted an 
oil capacity per single tank of no more than three 
(3) or four (4) quarts; all of it manually operated. 
The switching equipment was figured for the utiliza- 
tion equipment rating with some excess rating for 
overloads, but not for any thermal capacity or rup- 
turing capacity consistent with generator capacity 
ordinarily connected to the system. A typical oil 
switch installation on utilization equipment applica- 
tion was a 300-ampere, single tank, oil switch with 
a rupturing capacity of less than 1500 amperes on 
7500 volts, connected to a 120-ampere, 6600-volt load, 
in the power house almost directly off the 6600-volt 
bus. 

Very little information is at hand as to trans- 
mission line characteristics. Pin-type insulators 
rated at 7500-volts were used on 24” centers, in the 
shape of an equilateral triangle; spans were about 
125 feet long; and the few outdoor cable terminals 
in use were of the 7500-volt class. 

Information on circuit troubles, switch failures 
or generator troubles is also very meagre; the author 
does not recall any serious troubles of any kind. 

In the summer of 1916 plant extensions were un- 
derway. The initial installation of a Welded Tube 
Department was made. It involved a 10” Skelp 
Mill and a motor driven 18” and 21” sheet bar and 
skelp mill. And so, during that year, the 6600-volt 
power generating capacity was increased by 20,000 
KVA in a new power house, two (2) of the old 
transmission lines were extended to the new power 
house, and four (4) 4/0 bare copper circuits were 
installed between the two (2) power plants, all six 
(6) circuits being operated in parallel. 

Electrical equipment installed at the Welded 
Tube Department included a 500-KW M-G set and a 
1500-KVA transformer bank. Switches installed with 
this equipment were of rather low rupturing capacity, 
probably not greater than 1500 amperes on 7500 
volts. This station was fed, however, through a 
lead-covered cable tapped onto one of the two (2) 
pump house circuits and trouble currents would not 
have been very great. 

The 10” Skelp Mill involved 4000 HP in 6600-volt 
main drive motors and a small transformer bank. 
Here again small oil switches of 200 or 300-ampere 
rating for 7500-volt service, were installed under an 
open, bare copper bus. These switches were manu- 
ally operated. This station received 6600-volt power 
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over two (2) taps from two (2) of the main circuits 
running from one power house to the other, and it 
was common practice to operate with these taps par- 
alleled at the 10” Mill end. 

The 18” and 21” sheet bar and skelp mill instal- 
lation involved at that time, one (1) 5750-HP, 6600- 
volt induction motor. ‘Two (2) 4/0 circuits fed this 
motor room from the North Power House. Two (2) 
oil switches in the motor room were used for start- 
ing the motor; one (1) a forward direction switch, 
the other a reverse switch. These switches were 
each rated 800 amperes and 15,000 volts, yet their 
rupturing capacity was only 2300 amperes on 7500 
volts. Here again it was common practice to operate 
with both circuits paralleled at a bare copper bus 
directly over the oil switches. 

The work done in 1916, therefore, more than 
doubled the generating capacity and produced a mul- 
tiplicity of current paths, yet old switching equip- 
ment remained as it was and new switching equip- 
ment for power utilization machinery was purchased 
on the basis of utilization machinery ratings with 
practically no thought given to rupturing capacity. 

During the next seven (7) years extensions were 
made in the Welded Tube Department and more 
M-G set capacity was installed there, a second 5750- 
HP motor was added to the Bar Mill drive on the 
21” Mill end, two (2) 5%50-HP motors were installed 
on the Billet Mill, a second 1000-KW M-G set was 
installed in the North Power House, and two (2) 
12,500-K VA turbo-generators were installed at the 
South Power House. At the end of 1923 there was 
54,240 KVA in 6600-volt generator capacity on the 
system; 2,750 KVA in three (3) small generators in 
the North Power House being considered obsolete 
by that time. Although the generating capacity was 
increased by 25,000 KVA in this same period, no 
changes in existing switching equipment were made 
except at the 18” Bar Mill. 

The 21” Bar Mill and both Billet Mill main drive 
installations were made late in this seven-year period, 
and enough information was then at hand to war- 
rant adequate switch gear and, when the 21” Bar 
Mill main drive installation was made, it carried new 
switching equipment for the 18” Bar Mill end. Mod- 
ern, high-rupturing capacity switches were installed 
in one switch room for both Bar Mill drives, and in 
another switch room for the Billet Mill motors. 


(2) Description of Power Failures and Troubles 
Experienced Prior to 1923 


During this same period of time troubles follow- 
ing the failure of some piece of electrical equipment 
or following some mechanical damage to outside 
lines became more and more severe. Tanks on the 
300-ampere oil-switches at the Rod Mill Substation 
were damaged as frequently as trouble occurred any- 
where, flash-overs on the end of the bare bus in the 
10” Skelp Mill and oil-switch damages there occurred 
about as frequently, in fact all those places were 
light, low-rated switch gear was installed, required 
careful examination and usually some repair work 
following all cases of electrical trouble on the 6600- 
volt system. 

We have reasons for believing that a surge 
caused by shutting all four (4) 5750-HP motors on 
Billet and Bar Mills down simultaneously caused a 
flash-over on the end of the 10” Skelp Mill bus that 
caused considerable oil switch damage. 


The 7500-volt, 3-phase cable terminals or pot- 
heads installed out-of-doors were invariably involved 
in trouble; it is very likely that some caused trouble 
while others were damaged as a result of surges set up 
elsewhere. The same thing seemed to be true of 
some lightning arrester equipment. Bare wires in 
some of the longer out-of-door spans would whip to- 
gether and would aggravate the troubles originating 
elsewhere, would burn and strand the wires so that 
much of it would have to be replaced and would 
damage many pin-type insulators as well as strain 
insulators at the dead ends. 

Many stator windings in main drive motors were 
damaged and were either cut out so that operations 
might be resumed in the shortest possible time or in 
case of the worst burn-outs, replacements had to be 
made. The latter was particularly true in the case 
of 6600-volt winding failures in 1000-KW M-G sets 
in the North Power House. On several occasions 
troubles originating elsewhere on the 6600-volt sys- 
tem caused winding failures in the M-G set motors 
and damaged the 300-ampere switches connected with 
them. 

Invariably all main drive units would kick off im- 
mediately following a case of trouble and rolling 
mills would be left full of steel. The whole 6600- 
volt net-work of main lines, tap circuits, and branch 
feeders were so connected and inter-connected that 
there was a multiplicity of paths through which cur- 
rent flowed into the place where some break down 
had occurred. 

There was ever present the likelihood that op- 
erators, through carelessness or in excitement in 
times of trouble, would open some inter-connection 
by pulling open, knife-blade type of disconnecting 
switches. In fact this very thing occurred many 
times and would invariably cause more or another 
case of trouble and did injure some men. 

All such trouble did not stop once the revamping 
work was started and progressed, but as we now 
look back we know that troubles following disturb- 
ances grew less severe, less and less work was re- 
quired to restore normal operating conditions, and 
fewer accidents became involved. 


(3) Description of Data for First Short-Circuit Study 

Late in 1922 and in the early part of 1923, sur- 
veys, reports, and recommendations were made, all 
having to do with the adequate improvement of the 
6600-volt system. As a part of this work a short- 
circuit study was undertaken; certain assumptions 
as to ultimate plant were made, physical and elec- 
trical characteristics of the system in question were 
recorded, reactance values of all synchronous equip- 
ment were gathered, diagrams were made, all of 
which, together with the other necessary informa- 
tion, were submitted to one of the large electrical 
equipment manufacturers. This manufacturer made 
calculations which, with all other pertinent data, 
were applied to the test table or calculating board 
at the factory. Certain spots in the 6600-volt system 
were selected for investigation as to short-circuit 
currents and current values were recorded for each 
of those points referred to the test table. 

There is no record of just what data and infor- 
mation were submitted for the basis of this study of 
short-circuit currents. The author of this paper did 
not have much to do with the actual study as con- 
ducted by the electrical equipment manufacturer. It 
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SHort Circutrt CuRRENTS 


Dury oN Ore Circuit BREAKERS 


Rererence DRAwiING-V-774 
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Z-5500 Kva At NortH Rower House 


MacHines Running 
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{-1Z500 KvA AT 


wer Rower House 
OuTH PowerR House 


ToTtArL ConNECTED GENERATOR CAPACITY 43500KVA 


Six*aooo Ti 


Lines Between Power Houses. Reactors ONLY AT Sou TH 


PowerR House 
TABLE | 
SHort Cirncuir AMPERES 
SERVICE 
LocATION Line MoToR OR TRANS. 
THERMAL RupPTuRING THERMAL 
NortH Power House-MG.SeETS. 53500 53500 
" " i. FEEDERS 53500 I91coo 
K " " Tie LINES A1400 1@400 
SouTH Power House- TRANS. 75500 24900 15500 
" “ " FEEDERS 29900 12500 291900 
" u " TiE LINES 
BAR & Bircet Mitts 51500 19000 53000 
SKercp Mitt 43300 IG@TOO 51500 
CENTRAL PuMPING STATION 286 00 11400 28G00 
TuBe Mitt 3G000 14300 fo 
SiN TERIN ANT rey) 
WeS. Ry 45Z00 1@T00 45Z00 
Aiw Mitu AGTOO i7TZOO 
Roop Mite 33G00 13500 
CoKe WorkS Zi1oo 1005C 21100 
SK 3174 


is reasonable to suppose that that company got all 
data and information they desired and that among 
these data and information were reactance values of 
all synchronous equipment, KVA ratings of all gen- 
erators, number of circuits, size of cables, spacings, 
spans, lengths of circuits, relative locations and dia- 
grams of connections throughout the entire system. 


(4) Resume of First Short Circuit Study Report 
and Conclusions Drawn Therefrom 

In looking over SK-3174, which shows short-cir- 
cuit currents in amperes at various locations, you 
will note that it was the practice at that time to 
use 43,500 KVA in generator capacity, which was 
the total capacity installed, that six (6) 4/0 circuits 
were used as tie lines between the two power houses, 
that there were reactors only at South Power House 
where 32,500 KVA of the total generator capacity 
was installed, and that reference is made to Drawing 
V-774, which shows Present Plant-Existing System, 
as of that date. 

In not one case shown in the tabulation on SK- 
3174, except South Power House feeders, did the 
rupturing or thermal capacities of any of the switches 
at locations selected for short-circuited studies equal 
or even approach those respective short-circuit cur- 
rent values which were recorded on the test table. 
Thts was characteristic of the entire 6600-volt sys- 
tem except at the South Power House where al! 
switches connected directly to the bus, except the 
South Power House transformer switch, were of suf- 
ficient rupturing and thermal capacity. The highest 





short-circuit current figures shown there were on the 
South Power House transformer circuit, which was 
connected directly to the end of the 20,000-KVA 
machine bus through a manually operated 300-am- 
pere oil circuit breaker. If we were to refer to the 
manufacturer’s catalog rating we would find this 
switch had a rating of 300-amperes, 15,000-volts, but 
with a rupturing capacity of 2300 amperes on 7500 
volts. 

The North Power House Feeder and Tie Line 
breakers, which were of fairly modern design, had 
only about one-half sufficient rupturing and thermal 
capacities, while the M-G set breakers at that same 
station were only of 300 ampere load rating 11,000 
volts but with a rupturing capacity of only 2000 
\mps., yet might at some time have to stand up to 
a current of 53,500 amperes. 

Each item on that sketch might very well be 
analyzed in the same way and with about the same 
results. 

It then became only too evident that most of the 
switching equipment was of inadequate capacity 
even for the existing plant, to say nothing of any 
extension that would require more generator ca- 
pacity. 

Another tabulation is shown on SK-3175. These 
figures were obtained during the same test as those 
on SK-3174, but under slightly different conditions, 
as follows: The generator capacity remained the 
same, 43,500-KVA, but there were only four (4) 4/0 
tie lines between the two power houses, reactors in 
all tie lines and with and without reactors in North 
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SK 3175 











Power House feeder circuits, all referred to present 
plant but proposed system shown on V-774 as 
Scheme “A.” 

A glance at this tabulation will show some easier 
conditions. The South Power House transformer 
switch in its proposed new location would need a 
thermal capacity of 28,700 amperes and a rupturing 
capacity of 12,100 amperes compared to 75,5 


75,500 and 
24,900, respectively, as shown on SK-3174. The 


North Power House M-G set switches, without re- 
actors. in the feeder circuits, must have a thermal 
capacity of 43,200 amperes, compared to 53,500 am- 
peres in 


the other case and with reactors in the 





feeder circuit at North Power House, this figure be- 
comes 21,300 amperes; quite a reduction from 53,500 
amperes to 21,500. 

Many other conditions would have been similarily 
improved, particularly at the substations which for- 
merly fed from usually two of the six (6) tie lines, 
but in the proposed Scheme “A” fed from radial 
type feeders, emanating from one power house or 
the other. 

Many of these comparisons are shown on SK- 
5615, which has just been made for the purpose of 
this paper. 

The differences conditions which 


between pro- 
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duced figures on SK-3174 and those on SK-3175, 
particularly those with reactors in North Power 
House, are shown quite clearly on print of V-774, 
Present System and Proposed System—Scheme “A”. 
In Proposed System—Scheme “A”, two (2) 4/0 cir- 
cuits were combined with tw») others to form the 
equivalent of four (4) 4/0 circuits which were in- 
tended for tie lines between the two power houses 
and two (2) other 4/0 circuits were sectionalized by 
pole-top disconnecting switches to form radial type 
feeders from which substation taps were taken. These 
proposed line changes, which, by-the-way, were 
actually made, materially lessened the duty on many 
switches. It was also intended to install reactors in 
all feeder and tie line circuits at North Power House 
and to install auxiliary buses in both power houses, 
which would lessen switch duty still more. Many 
substation taps are shown arranged so that the two 
feeders could not be operated in parallel in the sub- 
station. 

A third tabulation is shown as the result of that 
first short-circuit study; these figures shown on SK- 
3176. The conditions apply to the assumed, ultimate 
plant, proposed system, which was an enlargement 
of that shown on V-774, with a generator capacity 
of 95,000 KVA, six (6) 4/0 tie lines between the 
two power houses and reactors in all tie lines and 
feeders. Except for thermal capacity requirements 
of those switches in North and South Power Houses, 
the switches we have already installed would still 
be suitable for the ultimate. As it is not clear from 
any information at hand now, as to conditions deter- 
mining the two high figures for North and South 
Power House thermal capacity, we can not state 
just how these two conditions could best be met. 


Conclusions 

It seems to the writer that the following con- 
clusions may be drawn after careful consideration of 
all the foregoing matter: 

That the short-circuit current figures calculated 
or obtained from the test table for the Present Plant 
—Existing System (SK-3174) revealed inadequate 
switch installations and a precarious operating con- 
dition. Some of our operating experiences would 
certainly substantiate this conclusion. 

That enlargements of existing plant along same 
designs have created a condition that might be diffi- 
cult and impractical to meet even with largest 
switches yet produced, and that space factor for 
adequate switch gear would become the determining 
factor in building design. 

That some comparatively inexpensive line changes 
and rearrangement of feeder circuits and the use 
of reactors properly placed would materially lessen 
duty on oil circuit breakers, isolate line disturbances 
and make for continuity of operations among the 
various units using 6600-volt power. 

That it would seem possible by practical arrange- 
ment and sectionalizing of circuits and use of re- 
actors to keep short-circuit current values within the 
ratings of switches already designed and manu- 
factured even though the assumed, ultimate plant 
were realized. 

That there proved to be sufficient 
undertaking a short-circuit study. 


reasons for 


(5) Description of Revamping Work Done in the 
Period 1923-1927 
Before any study of short-circuit currents had 
been made or any final reports or recommendations 
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had been submitted some new installations had been 
started right, in that modern switches of sufficient 
rupturing and thermal capacities were purchased 
with some new main drive motors, and some im- 
provement of existing low-rupturing capacity switch 
conditions had been authorized. Early in 1922 a 
second main drive motor for the Bar Mill was pur- 
chased and with it came adequate switch gear for 
both the motor ordered at that time and also the 
one installed in 1916. This was the first installation 
outside the South Power House where switches of 
proper size were used. 

New switch gear had been authorized for the 
Central Pumping Station and a thoroughly modern 
switch installation was in operation there by June, 
1923. This was the first job done in the revamping 
program that was eventually undertaken and car- 
ried through nearly to completion at date of this 
paper. 

The Central Pump Station is located on _ the 
river bank about 3000 feet south of the North Power 
House, from whence run two (2) 4/0 circuits as 
radial feeders to the Pumping Station. These are 
typical radial type feeders, one from the old bus in 
North Power House, and the other from a new bus 
in a switch tower adjacent to the North Power 
House, and the two feeders can not be paralleled 
at the Central Pumping Station end; a pump motor 
must be clear of one bus before it can be connected 
to the other bus. 


The pumping station, which is of circular de- 
sign in plan, was arranged for an ultimate of eight 
(8) 6600-volt vertical type, motor driven, centrifugal 
pumps. A switch house with concrete bus and 
switch cell work was erected on the outside of the 
pumping station and provisions were made for all 
eight (8) switches, but only six (6) switches were 
installed at that time. These switches are General 
Electric Company make, Type FH, six (6) being 
size 103, 500-amp, 15,000-volt, each with a rupturing 
capacity of 23,000 amps at 7500 volts, and a thermal 
capacity of 40,000 amperes for one (1) second and 
25,000 amperes for five (5) seconds. One (1) switch 
is a 203 size, 500-amp, 7500-volt, with a rupturing 
capacity of 32,000 amps at 7500 volts, and a thermal 
capacity of 40,000 amps for one (1) second and 
25,000 amps for five (5) seconds. (In further refer- 
ence to rupturing and thermal capacities, let it be 
understood that rupturing capacity is at 7500 volts 
and thermal capacity for one (1) second. All these 
switches are described pretty much in detail in a 
separate tabulation and other data can be obtained 
from such tabulation). 

By referring to short-circuit current tabulations 
already described for the first study, you will see 
that the capacities of those switches installed in the 
Central Pumping Station meet all conditions and 
seem suitable to ultimate plant requirements. 

Other improvements were made at this place at 
the same time the new switch gear was installed; a 
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storage battery with automatic charging panel was 
installed for stand-by control power; two (2) sec- 
ondary starting panels were installed and so ar 
ranged that any one of the pump motors could be 
started with either starter and a pushbutton, instru 
ment and relay panel was mounted on each motor 
frame; all arranged in a way that made for the least 
amount of confusion in starting and for utmost in 
reliability of operations. 

Operations at this station have been remarkably 
free of electrical troubles since such improvement 
work was completed. 

Authorization of more high rupturing capacity 
switch installations was granted soon after the work 
was completed at the Central Pumping Station and, 
during the latter part of 1924, the Welded Tube 
Mill substation and its switch tower, the 10” Skelp 
Mill motor room and the Sintering Plant substation 
were equipped with modern and thoroughly ade- 
quate switch gear. 

The Welded Tube Mill substation at that time 
housed a 1000-K\V M-G set and a 1500-KVA trans- 
former bank, and was fed directly from two (2) of 
the ties lines through taps which terminated at a 
bare bus inside the station. Three hundred (300) 
ampere oil switches mounted exposed on pipe racks, 
and lightning arresters similarly installed, were all 
inside the station. 


























Fig. 1. Welded Tube Switch Station 


In the revamping work, a switch house was 
erected near the transmission lines and two (2) 
line switches were installed therein because there 
was not enough room in the substation for all the 
equipment we planned to use. A concrete structure 
for bus and switches was erected inside the sub- 


station and both starting and running switches for 
two (2) 1000-KW M-G sets and for two (2) 1500- 
KVA transformer banks were installed therein. Since 
this work was started, the second M-G set and the 
second transformer bank have been installed. 


Out-door type of lightning arresters were mounted 
on the roof of the switch tower and the switch 
tower was connected with the substation by two 
(2) 3-conductor lead-covered cables. 

















Fig. 2. Skelp Mill Switch House. 


The switching equipment used on this particular 
job is Westinghouse make, types B-13 for feeder 
breakers, and OE-6 switches for the two (2) line 
breakers. The B-13 switches are rated 1350 amperes, 
15,000 volts, and the OE-6 switches are 750 amperes, 
15,000 volts. 

Rupturing and thermal capacities of the B-13 
switch are 5800 and 40,000 amperes, respectively ; 
of the OE-6 switch are 32,000 and 40,000 amperes, 
respectively. The rupturing capacity of the B-13 
switches is of course too low for short-circuit cur- 
rents that might go through them, but lockout relays 
are provided to prevent these switches from open 
ing under such conditions and will cause the OE-6 
switches to function. 


The switches used at this place seem to have 


capacities for meeting all conditions described in 
the short-circuit studies. 

The 10” Skelp Mill motor room received power 
in identically the same way the Welded Tube De 
partment did and through pretty much the same 
kind of equipment, installed the same way. At this 
place a switch house was erected as a part of the 
revamping work, a bus and cell structure of con- 
crete poured in place was made and line as well as 
motor switches were installed in the cell work. 
Lightning arresters were mounted on a platform on 
the roof. 

The type of feeder circuits to this place was also 
changed later on, but a description of such work 
may be in order at this time. Instead of feeding 
through two (2) short taps directly from two (2) 
of the tie lines, two (2) radial-type feeders were 
strung from the North Power House. One of these 
two feeders now connects with the North Power 
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House bus and the other with the North Switch 
Tower bus, and are switched through two (2) line 
switches at the 10” Mill switch house and so ar- 
ranged that the entire mill may operate from either 
one or the other, or both may be operated in par- 
allel, or one line may feed one-half the mill and the 
other line the other half. 

The switching equipment used on this job is the 
same as that just described for Welded Tube sub- 
station and switch house; B-13 switches for motor 
and transformer breakers, and OE-6 switches for 
the two (2) incoming lines. The same rupturing and 
thermal capacities given for those switches at the 
Tube Mill apply here. 

Rupturing capacity of the line breakers is ample 
but the one (1) second thermal capacity may, in 
view of all short-circuit studies, be slightly lower 
than necessary, but this condition can very well be 
improved by installing reactors whenever needed. 

The Sintering Plant substation houses a 500-KW 
M-G set and a 1350-KVA transformer bank. It was, 
and still is, fed from only one (1) 4/0 circuit about 
2000 feet long, from the North Power House bus. 
That circuit always was of the radial feeder type 
and no improvements in this respect could be made. 
In carrying out our switching equipment improve- 
ment program at this point, a lean-to was built 
against the substation and a line switch, M-G set 
starting and running switches, transformer switch, 
together with necessary disconnecting switches and 
bus, were installed in concrete cells. The lightning 
arrester was mounted on a platform on the line 
dead-end. tower. 

The switches used at this point are also West- 
inghouse make; four (4) type B-13 breakers for 
M-G set and the transformer bank. No line switch 
is yet installed but one can be put in later, if found 
necessary. The thermal capacity is adequate but 
rupturing capacity is low; however, the rupturing 
capacity of the switches feeding this circuit at the 
North Power House is ample, and the Sintering 
Plant substation switches can be locked in and made 
in-operative under heavy, instantaneous currents. 

The switching equipments for these three jobs, 
the Welded Tube Department substation, 10” Mill 
motor room, and Sintering Plant substation were 
purchased in one lot and the construction work was 
carried along on all three jobs as closely together 
as available forces of men would permit. 

The use of equipment as described under each 
of the three places mentioned above, and the best 
layouts we were able to make at that time, have 
resulted in most satisfactory operations at those 
places; electrical troubles have been practically nil; 
disturbances originating in other places have not in 
any cases caused any troubles in these places, and 
in many cases have not caused interruption of power 
at these places. 

Here were three places where switching equip- 
ment was originally of the 300-ampere rated variety 
and where in two places in particular and in one 
place almost invariably, line disturbances would 
cause severe electrical troubles such as flash-overs 
on bare bus, blow tanks off the switches, throw oil 
out of the tanks and in several instances 6600-volt 
motor windings were damaged. 

In reviewing short-circuit current tabulations on 
SK-3174 and 3175, one will appreciate the severe 





duty formerly imposed on switch gear in these 
places. 

In summing up the improvement work done at 
this time, and by referring again to the ratings of 
those new switches installed and also to the short- 
circuit current tabulations, the writer believes you 
will see that those new switches not only had ca- 
pacity to meet the severe duty at the time they 
were installed, but, with other changes will have 
capacity also for the proposed, ultimate system. 
The second short-circuit study substantiates this 
statement. 

During this period of improvement work, plant 
extensions were made that involved, among other 
things, the installation of the third machine in the 
South Power House and two (2) 5750-HP, 6600- 
volt induction motors on the Billet Mill. In both 
these instances, however, switching equipment of 
ample rating was installed in the first place. 

A By-Product Coke Plant was installed and put 
into operation in April, 1926, and as a part of the 
equipment purchased for this job, a number of truck 
type switches and a cell-mounted type of line switch, 
with other necessary equipment, was purchased for 
the Rectangular Coke Oven Department. This was 
another step in line with our improvement program. 
Switching equipment for the new By-Product Plant 
was based on ratings that also lined up with work 
done ag a result of our short-circuit study. 

The Rectangular Coke Oven Department. sub- 
station contained a 500-K\V M-G set and four (4) 
500-KVA transformers; one (1) a spare. The old 
switching equipment was the same as originally in- 
stalled in other places; 300-ampere oil switches 
mounted in the open, manually operated, and con- 
nected to bare, copper tube buses. The 6600-volt 
line was originally of the radial type from the South 
Power House, therefore no new line work was 
necessary. 

A concrete cell was installed for disconnects and 
line switch with provisions for a bus and another 
line switch at some future time. Truck type break- 
ers with bus compartments were installed in line 
with the cell work; three trucks for the M-G set 
and compensator, and one truck for the transformers 
which, as a part of the same job, were moved to 
the outside under a roof. The station thus became 
quite thoroughly modernized. 

Considerable trouble had been expeirenced here 
in the past with men not so thoroughly familiar 
with handling manually operated switching equip- 
ment connected with M-G sets, in manipulating the 
switches, The new switches electrically operated 
and interlocked against certain improper sequence, 
eliminated such troubles and in this respect alone 
has proven to be a worth-while improvement. 

Our high tension switching equipment program 
continued; it was accelerated somewhat by the By- 
Product Coke Plant installation in that North Power 
House switches were all in use and more switching 
equipment was needed for two circuits to the By- 
Product Plant. Rather than undertake the installa- 
tion of up-to-date switch gear in the North Power 
House and make it line up with an existing but 
inadequate plant, it was decided to erect a switch 
house, or tower, just outside the Power House. It 
was further decided to connect all trunk or through 
circuits to this switch tower, through high rupturing 
capacity breakers, to a bus which, in turn, would be 
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connected to the North Power House bus through 
two (2) tie cables and a set of reactors. 

In August, 1925, the erection of such a switch 
tower was authorized. 

















Fig. 3. North Mill Switch Tower 


Designs were made that finally resulted in a 
structure which is at present one-third the ultimate 
size, has two (2) trunk line switches and five (5) 
feeder switches, one set of 7%-1200 amp reactors 
between it and North Power House bus, a single 
bus and line disconnecting switches. Provisions 
were made for extending the building in either di- 
rection along axis of the bus. Provisions were also 
made, and much of the construction work done, so 
that feeder reactors may be installed when needed; 
also for another bus, in double bus arrangement, and 
for the seven (7) switches on the second bus. 

If original ideas and designs are ever carried out, 
forty-two (42) switches, or twenty-one (21) circuits 
in double-bus arrangement, may ultimately be housed 
in the one switch house. 

Due to a desire to occupy as small an area of 
ground as possible, it was decided to use a vertical 
arrangement of isolated phase bus and switch equip- 
ment. The three (3) busses with corresponding 
switch units are therefore on the first three floors, 
the operating mechanisms are on the fourth floor, 
and the line disconnects, with provisions for a con- 
trol board, are on the uppermost floor. Lightning 
arresters, lightning arrester disconnects and dead-end 
equipment are on the roof, which is flat. 

All feeder circuits were subsequently rearranged 
at the north end so that circuits from the new switch 
house feed each one of the five major units, namely: 
Bar, Billet and 10-inch Mills, Central Pumping Sta 





tion, and By-Product Plant. A second circuit, for 
stand-by purposes, to each one of these five places 
radiates from the North Power House bus. 

The switch house is also the north terminus of 
the two (2) trunk lines from the South Power 
House, and in this way protects the lower rupturing 
capacity switches in the North Power House. This 
arrangement is all shown in schematic on _ print 
\V -959. 

Normal operating conditions at the north end 
are: Bar, Billet and 10-inch Mills, one-half (4%) the 
Central Pumping Station, and the By-Product Coke 
Department substation feeding from the North 
Switch House; the other half of the Central Pump- 
ing Station, the Sintering Plant substation, two (2) 
1000-K\W M-G sets in North Power House and a 
bank of power transformers feeding from the North 
Power House bus. All other circuits shown are 
held in readiness as stand-by feeders. The oil 
switches installed in this switch tower are General 
Electric Company make, type FHK 230-20 B, having 
a rupturing and thermal capacity of 60,000 amperes. 
The reactors between this switch house and the 
North Power House bus are also General Electric 
Company make, and have a reactance of 7 per cent 
at 1200 amp. These rupturing and thermal capaci 
ties seem to be ample for the ultimate, assumed 
plant, and the tie cable reactors materially lessen 
the duty on the North Power House switching 
equipment. 
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Fig. 4.—Rod Mill Switch Equipment 


\nother improvement was made in 1926 when 
two (2) of the four (4) through tie lines were sec 
tionalized and made into radial type feeders. These 
circuits were sectionalized by installing four (4) 
pole-top switches. Two (2) such switches were 
installed in each of the two (2) tie lines and so 
placed either side the Welded Tube Mill taps, that 
the Welded Tube Mill and the street railway sub 
station may receive power over either one of tw 
(2) feeders radiating from each power house. These 
two (2) circuits may also be used as trunk or 
through tie lines merely by closing the sectionaliz 
ing switches. 

No particular study has been made of the bene 
ficial effects the sectionalizing of these two (2) cir- 
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cuits would produce. In both the first and second 
short-circuit studies, these circuits were treated as 
through tie lines. It may readily be seen that the 
number of parallel paths between the two (2) power 
houses are cut in half and that four (4) substations 
get the benefits of radial type feeders, all of which 
would obviously reduce the duty requirements of 
all switches connected thereto. 

Improvements, in line with this same program, 
were undertaken again in 1927 and two (2) high 
rupturing capacity breakers were purchased for the 
Rod Mill substation. It seemed desirable to install 
adequate switching equipment as quickly and eco- 
nomically as possible, once the work was started, 
and with a minimum amount of disturbance to sub- 
station service. ‘There was not a great amount of 
room inside the substation for new work, so, in 
view of all such things, it was decided to install 
switching equipment on the roof. Out-door equip- 
ment was installed as you see it in the picture here- 
with shown as Fig, 4. 

The switches are General Electric Company make, 
Type FHKO-139-50C-Y, 1200-ampere, 15,000-volt 
rating with 25,000-volt bushings. The rupturing 
and thermal capacities are 60,000 amperes. 

This was a place where any disturbance on the 
system would invariably cause trouble and damage. 
Many are the times when one switch tank, or both, 
had been partly blown off and aggravated the power 
disturbance and caused hours delay to finishing de- 
partment production. 

A bad condition was improved materially with 
the installation of the two (2) line switches on the 
roof and the way is now open to carry on further 
improvements inside the substation, and also make 
this a secondary distributing point for some main 
motor drives that may be installed eventually in the 
immediate vicinity. The matter of further improv- 
ing conditions inside the substation is before us at 
the present time. 

Improvements along our high tension power sys- 
tem were not confined to switching equipment and 
rearrangements of circuits alone, but comprised 
lightning arrester changes, cable terminal changes, 
and replacement and interlocking of nearly all knife- 
blade type disconnecting switches. 

In practically all stations and substations, prior 
to 1924, at the latest, electrolytic lightning arresters 
were used and were mounted inside at most con- 
venient places, but not always in the most efficient 
way. Considerable care had to be exercised in keep- 
ing them in good condition and renewal of parts 
was costly at times. With the exception of two (2) 
or three (3) electrolytic lightning arresters still in 
service at the South Power House, all arresters are 
now of the oxide film, pellet or auto-valve type, 
mounted out-of-doors, and connected to the line 
through disconnecting devices. Our experiences to 
date with these new arresters have been satisfactory 
and we believe they have been effective in reducing 
line disturbances. 

Cable terminals of the kind and rating originally 
installed in many places were either the source of 
some troubles and disturbances originating else- 
where or became involved in them. Many cable 
terminals, especially those installed out-doors, failed, 
were completely destroyed, and caused considerable 
delay to production. These terminals were of 7500- 


volt rating, working voltage, and in the case of 


the 3-phase terminals, the distances between phases 
were 5 inches to 6 inches. The majority of failures 
were in 3-phase terminals. 

Nearly all cable terminals of such rating, 7%500- 
volt, working potential, have been changed, prac- 
tically all that were out-doors. Many single phase 
terminals were used as replacements. ‘These were 
rated at 25,000 volts but used the same insulators as 
those 3-phase terminals of 16,000-volt rating. Where 
the use of 3-phase terminals was continued, a cable 
terminal of 16,000-volt rating, with a 12-inch spacing 
between terminal centers, was used. The insulators 
on these terminals had a rating of 25,000 volts on 
single phase terminals. 

Pin type insulators and dead-end insulators were 
originally of the 7500-volt class and this equipment 
went through the same process of improvement, 
gradually as other improvements were made. Now 
the system is completely equipped with line insu- 
lators suitable, in ordinary clean atmosphere, for a 
working potential of 27,000 to 30,000 volts, but, in 
this steel mill atmosphere, good for no more poten- 
tial than the 6900 to 7000 volts on the bus. 

Improved switching equipment, new types of 
lightning arresters placed out-of-doors at the very 
end of the aerial cables, higher voltage line and 
dead-end insulators, cable terminals of much higher 
voltage ratings and wider spacings, have all in one 
way or another materially improved operations, pre- 
vented failures and break-downs, have made for 
more continuous operations in the mills and have 
made a safer condition for operators and main- 
tenance men. We have recently experienced a case 
of trouble, originating as a flash-over, which in for- 
mer years would undoubtedly have extended over 
the entire system, shut every main drive motor 
down, and caused considerable trouble and damage, 
was in this instance isolated by three (3) switches 
clearing one circuit; no other circuits were affected 
and no main drive motors were shut down. Prac- 
tically no departments were affected outside the de- 
partments supplied with low-voltage power from 
that substation. 

The foregoing is the writers description of im- 
provement work done to date on this 6600-volt 
power system. Other improvements are under con- 
sideration, but none have actually been authorized 
since that installation on the substation roof. Some 
rather extensive plant additions have been made in 
the last two years. These additions involved heavy 
power demands and two (2) feeders of the radial 
type were run from the South Power House to the 
Seamless Tube Plant, where two (2) substations 
were erected. New electrical equipment was _ pur- 
chased for these plant extensions and you may be 
sure that care was taken to specify switching equip- 
ment that would meet all present and future re- 
quirements as for rupturing and thermal capacities. 

The line switches for the Seamless Plant sub- 
station are General Electric make, type FH-206, 1200 
amperes, 15,000 volts with a rupturing capacity of 
10,000 amperes and a thermal capacity of 100,000 
amperes. The truck type switches through which 
power to M-G sets, main drive motors, air com- 
pressors, and a transformer bank is controlled, are 
General Electric Company make and are rated 800 
amperes, 15,000 volts, with a rupturing capacity of 
5300 amperes and a thermal capacity of 40,000 am- 
peres. Under instantaneously heavy currents, relays 
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function to lock-in the truck breakers and cause 
the F.H. line breakers to open. This installation 
was not contemplated at time of the first short 
circuit study, but were in the second study. Figures 
obtained in the second study show that these 
switches are of ample capacity under all practical 
conditions. 

A 30” reversing mill for rolling rounds for the 
Seamless Plant was also a part of the initial Seam 
less Plant unit. The Round Mill substation con- 
tained two (2) line switches installed in concrete 
cell work, a truck type switch group for the M-G 
set and transformer bank and the M-G set and 
reversing mill motor. The station receives power 
over two (2) circuits tapped onto those which feed 
the Seamless Plant substation. 

Line switches in this case are Westinghouse O-22, 
1200-ampere, 15,000-volt rating with a rupturing ca- 
pacity of 57,500 amperes and a thermal capacity of 
100,000 amperes. The truck type breakers are also 
Westinghouse make, type B-13, 1200 amperes, 15,000 
volts with a rupturing capacity of 5800 amperes and 
a thermal capacity of 40,000 amperes. Here, again, 
relays are installed to lock-in the truck breakers and 
make the line switches rupture currents beyond the 
rating of the truck breakers. 


(6) Description of Changes Made in Power System 
Characteristics, 1923-1927, Inclusive, and Compila- 
tion of New Data 
During all the years this revamping work was 

being done, more particularly during the last two 
years, the size, shape, and lengths of our transmis- 
sion lines were being changed, wider spacings and 
longer spans in some instances were used, and in 
general the characteristics of the entire power trans- 
mission system were materially changed, especially 
when compared to those on which the first short- 
circuit study was started. 

The trunk or through lines for a great part of 
the distance were carried on wood poles set in 
temporary locations. It was necessary, from time 
to time, to change these locations to clear ground 
for some new project. As buildings and permanent 
structures along the line of proposed permanent lo- 
cation of the lines were erected, the lines were 
changed to these buildings or structures and thus 
became more permanently located. ‘Towers, over 
one hundred (100) feet tall, were erected in several 
places to span ground on which no buildings had 
yet been erected, so that lines could be more per- 
manently located and yet permit of building work 
underneath later on. The second unit of the Seam- 
less Plant was actually erected under the power 
lines and adequate service over some of those power 
‘lines was maintained at all times. The power lines 
now are in what seems to be a permanent location. 

In making these changes it was found to be less 
costly, if, instead of moving four (4) 4/0 circuits 
which had been connected at the ends to form the 
two (2) trunk lines, two (2) new circuits of 600,000 
cm cable were installéd. This change not only re- 
duced the amount of insulators and line hardware 
necessary, but increased line capacity considerably 
and, of course, by 50 per cent the amount of through 
line we had to maintain. 

It was deemed advisable to use wider spacings 
on new work because longer spans were used and 
the heavier copper was suspended by suspension 


type insulators rather than being tied to pin-type 
insulators, consequently that part of the aerial sys- 
tem which has been changed and improved in the 
last two years uses a 42-inch triangular spacing. 
There is still some 28-inch spacing, but it is in that 
part of the line which has not been touched lately. 
Some 36-inch spacing was used, principally because 
a 42-inch spacing could not easily be made. 

Descriptions in detail of the various changes 
made in the power system may not be of interest 
here. A description of improvement work done is 
also that of changes made during the same time. 
By referring to drawing V-774, “Present System,” 
and to V-959, one type of changes in particular will 
be noted; a change in connections. The many paths 
for currents to flow in the older system become 
fewer in number and more sectionalized in the new 
system, and, too, the newer system seems simpler. 

Since the first short-circuit study was made, a 
third turbo-generator of 12,500-KVA capacity was 
actually installed at the South Power House and 
several pieces of synchronous equipment were also 
installed. 

A large sum of money had been spent and much 
work done on new switching equipment and in 
otherwise improving the power system, and a much 
larger power system was in prospect. 

In view of these changes and additions, and with 
a desire to check the first short-circuit study and 
the work done to date, also for further guidance 
when it became necessary to install another turbo- 
generator, the idea of a second study was conceived 
early last year. Consequently, complete new lists 
of reactance values were obtained from the various 
manufacturers, a new single-line, schematic diagram 
of the system was made and a larger drawing show- 
ing spans, spacings, lengths of lines, relative loca- 
tions and all stations and substations, with descrip- 
tions of all synchronous equipment used, was made. 
The schematic diagram is shown as Drawing V-959, 
and the larger drawing as Map 77. Map 77 is 
rather a disorderly arrangement of all kinds of data, 
but it is quite complete. 

These drawings and data were given to the 
General Electric Company and a study of short- 
circuit currents, based on such data, was made in 
June, 1928. 


(7) Description of Second Short-Circuit Study 

The purpose of this study, as outlined in a report 
of that study, was to determine if any of the present 
breakers would have their interrupting or short 
time current carrying capacity exceeded on short 
circuit after the addition of a new 20,000-KVA gen 
erator at the South Power House. There was an- 
other purpose in view; checking the revamping work 
done on the system, especially since many of the 
line characteristics had been changed and many 
new switches installed. Also to compare new figures 
with those obtained in previous study. 

Certain assumptions were necessarily made as to 
added capacity, location, etc. 

It was assumed that an additional machine of 
20,000-KVA capacity would be installed at the South 
Power House and would be connected to its own 
bus which would be connected to the existing bus 
through a reactor having 5% reactance at 1750 
amperes. 

It was also assumed that there would be no 
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further increase in synchronous motor load and that 
the pole top switches in circuits #3 and #6 would 
be closed to provide additional trunk line capacity. 

The schematic diagram, V-959, showed the 5%- 
2000 ampere reactor normally shorted in the South 
Power House bus, so it was decided that readings 
would be taken for two (2) conditions, one with 
reactors shorted, the other with reactors in service 
with the shorting breaker open. 

Practically all motor rooms and_ substations, 
served by two (2) feeders, normally operate with 
only one circuit-breaker closed, the breaker on the 
second feeder being open. A few trials in the cal- 
culating and test work showed that changing from 
one feeder to the other made very little difference 
in the total short current to any of the worst short 
circuit points. 

A study was made at this time of voltage condi- 
tions at various points during a short circuit condi- 
tion at some selected point. 

“Whether or not a synchronous machine will 
stay in synchronism during a short circuit on some 
other part of the system depends upon the con- 
stants of the machine itself, its terminal voltage 
maintained during short circuit, duration of the 
voltage dip, ete. 

“Of these factors, only the voltage at the machine 
terminals is readily obtainable for the various short 
circuit conditions, From calculations 60% of normal 
voltage has been chosen as a value above which 
the machine can be expected to stay in synchronism 
and gives a basis for estimating the effect of a short 
circuit on machines remote from the point of short 
circuit.” 

The report made of that study comprised tabu- 
lations as follows: 

Table No. 1. Location of short, O.C.B. type and 
number referred to a single line diagram used for 
calculations and test, maximum current to be in- 
terrupted and instantaneous unsymmetrical current, 
all for those operating conditions when the South 
Power House bus reactor was in service (reactor 
shorting switch open). 

Table No. 2. Included figures under same head- 
ing, but for operations when the bus reactor at 
South Power House is shorted. 

Table No. 38. Showed points at which voltages 
dropped below 60% corresponding to those condi- 
tions used for Table No. 1, and Table No. 4 showed 
the same things corresponding to those conditions 
used for Table No. 2. 

Table No. 5 and Table No. 6. Showed points 
where voltages were below 5O% and above TO% 
and also the calculated intermediate values corres- 
ponding with tables No. 1 and No. 2 respectively. 


(8) Resume of Second Short-Circuit Report and 

Conclusions Drawn Therefrom 

In looking over that report we note that when 
the South Power House bus reactor is in service 
the rupturing capacity of none of the breakers is 
exceeded by possible short-circuit current values. In 
four (4) cases, however, instantaneous unsymmetri- 
cal current values exceed the one (1) second capac- 
ity of four (4) breakers, excesses varying from 120% 
to 142% the (1) second capacities. These four (4) 
switches may be changed so that sufficient one (1) 
second capacities will obtain. Several switches have 


already been changed by obtaining certain new parts 
from the factory. 

These South Power House switches, whose one 
(1) second capacities do not measure up to duty 
requirements as shown in the short-circuit study 
report, were among the early installations and were 
not, in anyway, involved in the revamping work 
done during the last six (6) years. 

If the South Power House bus reactor is shorted 
and a short-circuit should occur in any one of a 
number of places at the South Power House, then 
the rupturing capacity of two (2) switches will be 
exceeded, and in the case of five (5) switches the 
one (1) second capacity will be exceeded. There 
seem to be no changes, of a practical nature, that 
can be made to alleviate these conditions, and it is 
therefore concluded that the bus reactor should al- 
ways be left in the circuit. 

A further study of the report shows that neither 
the rupturing nor one (1) second current capacity 
of any of those breakers installed during the re- 
vamping work will be exceeded by any short cir- 
cuit current that showed up in tests or in calcula- 
tions. We conclude from this that the switches 
used in this work and installed in various motor 
rooms, sub-stations and switch houses will satis- 
factorily meet all duty requirements with at least 
20,000 KVA more generator capacity added to the 
system. 

It is interesting to note that the severest duty 
requirements will not be imposed on the generator 
switches in the South Power House, but on a 525- 
HP induction motor circuit without reactor con- 
nected to that section of bus shown as Bus B, draw- 
ing V-959. The next severest duty may be required 
of that switch connecting Seamless Tube No. 2 cir- 
cuit to Section “B” bus, referred also to V-959; this 
only in*case the short circuit should occur between 
the circuit breaker and the reactor. This fact in 
itself teaches us to pay particular attention to the 
type of construction and class of material we would 
use between circuit breaker and reactor to eliminate 
the possibility of a short circuit between such two 
pieces of equipment. 

Several tables showing voltage conditions at 
various points in the system during short-circuits, 
as observed or calculated during tests, may be of 
interest to those who will examine this paper more 
in detail, and these tables are therefore set down 
below: 


TABLE No. 3—SOUTH POWER HOUSE BUS 
REACTOR IN SERVICE 


Short at Voltages below 60% at 
ss a” Re eee N.P.H. Sw.Sta., Sta. A, B, D, E, H, & J 
5.3, Bae We ok All points except S.P.H. Bus #4 
S.P.H. Bus #3 —------All points except N.P.H., Sta. A & B 
S.P.H. Bus #4  __----S.P.H. Buses #3 & #4 
Station A or B......_N.P.H., Sta: A, B, D, & E 

” DP S55. cca See a Py, ee, ER BS EE J 

Be wacieancte abs N.P.f., Sta. A, B, D, E, & H 

? natant 3 

; Sasa 

; |, SNR eek Sta. H & |] 

: D .. sieumctvelind Sta. J 
Sw. Station Bus ___-- Sw.Sta., N.P.H., Sta. A, B, & E 
Puniping Sta. —..... Sw.Sta. 
Skelp Mill ~...--...Sw.Sta.,N.P.H., Sta. A, & B 
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TABLE No. 4—SOUTH POWER HOUSE BUS 


REACTOR SHORTED 


Short at 


N.P.H. Bus 
S.P.H. Bus #2 0r #3-All station 


S.P.H. Bus #4 ...... S.P.H., Bus #4 
Station A or B___--_N.P.H., Stations A, B, D, & 
Se _u-os Nun. Stations A, B, D, E. 
ee, Dees A. Ee. EA. 
Station F 


_Station G 
_.Station H, & E 
___Station J 


Sw. Sta, Bes...x. 
Pumping Sta. -----.Sw.Sta: 
Skelp Mill —- ___Sw.Sta., 


N.P.H., 


__Sw.Sta., N.P.H., Stations 


Stations 


A, 
A, 


Voltages below 60% at 
N.P.H., Sw.Sta., Sta. A, B, D, E, H, & J 


E 
& J 
& H 


& B 
& B 


























TABLE NO. 5—SOUTH POWER HOUSE BUS REACTOR IN SERVICE 
Percent Voltage at 

sw. ote. Sis. Station S.P.H. Bus Sta. 

Bus AorB N.P.H. D E F G H #2(B) #3(A) #4(New) J. 

Nee, Bes‘ —.. 9 O O O X X O 69 X X 53 
S.P.H. Bus #2(B) oe 48 48 O QO O 52 O * O 66 O 
5-.H. Bus $3(A).........0 61 61 58 56 O O O O * O O 
oF, pes 24... Se X X X X X 62 X X 56 * X 
Station A or B-- 62 ' O 51 52 X X x X X X X 
Station D ---- __.61 O O * 51 X X 63 X X X 50 
Station E 63 48 48 56 ' X X O X X X 69 
Station F _X X X X X ‘ X X 77 X X X 
Station G __- an X xX xX X X ’ X 78.5 X xX xX 
Station H __ 69 65 65 66 O X X * 68 X X xX 
ene X X X 63 X X X 73 xX X * 
i a ne ee 54 54 60 59 X 67 X X X X 68 
Pumping Sta. (Normal)_--46 64 64 X X X X X X X X xX 
Skelp Mill (Normal)------ 13 59 59 X X X xX X xX X X X 

TABLE NO. 6—SOUTH POWER HOUSE BUS REACTOR SHORTED 

Bs SE otdikdsienie eicane O O ° O O X X 51 X rs X 56 
S.P.H. Bus #2(B) or #3(A) O O 43 O O O O O * * oO O 
* yl a | nee X X X X 68 67 68 62 62 * 67 
Sinton A oF Bin.nccuccsOe O 53 53 X X X X X xX X 
Statioa. DP ..... ..62 O O * 55 X X 70 X X X 53 
ONIN, Be cscs 63 49 49 57 . X X O X X xX X 
er eee X X xX X X ° X X 81 81 X xX 
Station G __- Taare X X X X X ' X 83 83 X X 
Station H ..... oan 66 66 68 O X X * xX X X X 
UE 8 hice cccunn ap X X X 63 X X X X X X * 
Sw. Ste. Bus............... * 54 34 60 60 x X 69 X X X X 
Pumping Sta. (Normal)-_--46 64 64 X X X X X X X X X 
Skelp Mill (Normal)-------13 59 59 X X X X X X X X X 








(*) Short circuit point, 
(O) Below 50% voltage. 
(X) Above 70% voltage. 








A more careful perusal of the report made of the 
short-circuit study in June, 
useful facts; those described 
the high spots. 

A tabulation showing the rupturing and one (1) 
second 


and five (5) secon 








1928, may reveal more this paper. 


above, however, are of 


d current capacities of turers, 


The values in 











various breakers is submitted herewith as a part of 
that tabulation 
tained either from manufacturer’s catalogs or from 
district office engineers and are, of course, subject 
to changes or corrections by the respective manufac- 


were ob- 
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OIL CIRCUIT BREAKERS 
ssssamsapsiik cede titel caret ok ee . 7 = 
f f Therm. Cap. at 
; Rating Amp. Rupt. Cap. 7500 V 
Location No. Mfr. Type Amps Volts 7500 V 6600 V1 Sec. ‘5 Sec. Remarks 
’ a - — 
f Coke Works 1 G.E FH-203 1200 7500 32000 36400 80000 60000 
Hi Substation 4 G.E FK-132B S00 15000 5300 6000 40000 40000 
t Rod Mill 2 GE FHKO-139- 
i Substation 50-CY 1200 15000 60000 68300 60000 60000 
2 G.E FIK-12 800 15000 2300 2620 35000 35000 
l Whse B 600 6600 
South Power } G.E FH-3 800 15000 11400 26000 60000 40000 
House ! ‘2 FH-203 1200 7500 32000 36400 80000 60000 Tanks and Contacts 
changed to FH-203 
7500 volt. 
l FH-3 800 15000 11400 26000 60000 40000 
2 FH-203 800 15000 28000 31800 60000 40000 
3 FH-206 800 15000 40000 45500 80000 40000 
2 FH-206 1200 7500 46000 52300 100000 60000 
2 FH-206 2000 15000 40000 45500 100000 100000 
] FH-6 3000 15060 28000 31800 100000 100000 
l FH-6 1200 15000 28000 31800 100000 60000 No. 3 Gen. 
l 7 FH -206 1200 15000 40000 45500 100000 60000 No. 2 Gen. 
Welded Tube Mill 8 Whse. B-13 1350 15000 5800 6600 40000 40000 
Central 6 G.E FH-103 500 15000 23000 26200 40000 25000 
Pump House l KFH-203 500 7500 32000 36400 40000 25000 
Switch House 
(Tube Mill) 2 Whse. OE-6 750 15000 32000 36400 40000 30000 Style 2-D 497 
10” Skelp 2 Whse. OE-6 750 15000 32000 36400 40000 30000 
Mill 10 24 B-13 1350 15000 5800 6600 40000 40000 Style 2-D 495 
Billet Mill 2 G.E FK-132B 800 15000 5300 6000 40000 40000 
Motor Room 2 “i FH-206 800 15000 40000 45500 80000 40000 
Bar Mill 2 G. | FK-1321 800 15000 5300 6000 40000 40000 
Motor Room 2 ‘A FH-6 800 15000 28000 31800 80000 40000 
North Mills 
Switch Twr. 7 G.E. FHIK-130B 1200 15000 60000 68200 60000 60000 
North Mills l Condit F-11A 800 15000 Serial No. 186269 
Power House 6 W hse C 600 6600 
17 2 C 600 13000 
By-Product 2 G.F FH-206 800 7500 46000 52300 80000 40000 
Substation 1] ai FKR-132B 400 15000 5300 6000 40000 20000 
Sintering Plant } Whse B-13 1350 15000 5800 6600 40000 40000 
27 e2.@ 23 2 G.I FH-206 1200 15000 40000 45500 100000 60000 
Substation 25 “ FKR-132B 800 15000 5300 6000 40000 = 40000 
30” Round 2 Whs O-22 1200 15000 57500 65400 100000 60000 
Mill } ‘“ B-13 1200 15000 5800 6600 40000 40000 








25,000 volts, or better, for single-phase terminals, 
line and dead-end insulators. 

line disconnects are mostly gang-operated and 
interlocked against opening while under load. 

Circuits are now so arranged and of sufficient 
capacity that it is not necessary to operate any in 
parallel or interconnected, except the two trunk 
lines which are, of course, connected at either end 


(9) Description of Power Transmission System 

Layout at Present 

The system as it exists today has been described, 
in a way, in the descriptions of the improvement 
work done to date and the work done in preparing 
data and information for a second study of  short- 
circuit currents. 

The system comprises two (2) power plants with 
(47,000 to a common bus. 

No overhead ground wires are used, neither is 
a grounded neutral used, but provisions have been 
made for both. 

The aerial lines are carried on structural steel 
parallel these trunk lines, but these ordinarily serve supports mounted on roofs and other building struc- 
feeders for five (5) substations. They can be tures wherever possible; to the extent that more 
top than half the lines are so located in what seem to 
be permanent locations and out of reach of locomo- 
tive cranes. 


a total generator capacity of 56,000 KVA 
KW). nine (9) substations, and four (4) switch 
houses for main drive motor groups. 

Two (2) 600,000 ¢.m. trunk lines, so called, con- 


nect the two power houses. Two (2) other circuits 


as 
connected straight through by closing pole 
switches whenever additional trunk line capacity 1s 
needed. ‘The other four (4) substations and_ the 





four (4) main drive motor groups are fed over radial 
type feeders from either one power house or the 
other. 

All. lightning arresters, with exception of two 
(2) or three (3) of the electrolytic type, are mounted 
out-of-doors as close to the dead-end structures as 
possible. 

Out-door insulators are rated 16,000 volts work- 
ing potential for the 3-phase cable terminals, and 


New switches have replaced nearly all the low 
rupturing capacity breakers and improvements other- 
wise made, except in three places already under 
active consideration, until now the switches should 
withstand all the currents that will likely develop 
in case of short circuit anywhere. Also with other 
improvements that may yet be made, more gen- 
erator capacity may be installed and yet not create 
conditions that will cause us to undo, tear down, 
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or revamp any of the improvement work we have 
done this far. 

The system seems to be nearly in that condition 
which is entirely satisfactory for present generator 
capacity and which will permit of additions and fur- 
ther improvements without the necessity of having 
to tear down and rebuild. 


(10) Resume of Power Failures and Trouble Reports 
Since First Item in Revamping Work Program 
was Completed in 1924, Up to Present Time 
Some early reports in detail are at hand on power 

failures and troubles experienced with the 6600-volt 

system, but it was not until 1924 that detailed re 
ports were made for each and every case of trou- 
ble which resulted in interruption of service. 

The following tabulation will show the number 
of complete and the number of partial failures by 
vears, 1924 to 1928, inclusive: 

1924—11 Complete Failures; 0—Partial Failures. 

1925— 5 Complete Failures; 2—Partial Failures. 

1926— 8 Complete Failures; 2—Partial Failures. 

1927 t Complete Failures; 2—Partial Failures. 

1928— 2 Complete Failures; 1—Partial Failure. 

We mean by “Complete Failure,” that service 
over the entire system was interrupted, and by “Par- 
tial Failure,” that one or two circuits, or some part 
of the system, was affected but not the whole system. 

In the year 1924 two (2) cases of “Complete 
Failures” were caused by lead-covered, three-con- 
ductor cable shorting (caused by heat), four (4) 
cases were due to out-door cable terminal failures, 
two (2) to 6600-volt winding failures, and three (3) 
other failures were due to as many different causes. 

During 1925, two (2) of the five (5) complete 
power failures were due to lightning, one (1) to a 
grounded line insulator, one (1) to a locomotive 
crane running into the lines, and one (1) due to a 
22-KV line falling across our 6600-volt lines. Some 
coils grounding in an M-G set, and a shorted 3 
phase lead-covered cable caused power interruptions 
on local circuits. 

There was an increase in power troubles that 
affected the entire system in 1926; eight (8) com 
plete failures. Two (2) of these were due to cable 
terminal failures, grounding of two (2) stator coils 
in an M-G set caused one, a broken cross arm caused 
one, opening wrong disconnects which were loaded 
caused one, two (2) were caused by lightning, a 
locomotive crane caused one, and the cause of the 
eighth was never definitely determined. 

There was a very substantial decrease in power 
interruptions during 1927; only four (4) complete 
and two (2) partial interruptions were recorded. 
Two (2) interruptions were caused by lightning, 
one by a disconnecting switch flashing to ground 
when switch was opened with only the exciting 
current of the transformer flowing, and the fourth 
one was caused by a locomotive crane. One partial 
interruption occurred when a laborer struck a_ pick 
into a lead-covered cable. 

The record of only four (4) failures in 1927 was 
reduced 50% in 1928 when only two (2) interrup- 
tions of power occurred on the system; one due to 
water running down over some insulators in_ the 
leads to one of the generators, and the other to 
voltage regulator trouble. 

In 1927 and 1928, there were no troubles due to 


cable terminals or insulator failures, or to lightning, 
although several severe storms passed our way. 

We have experienced one disturbance to date 
(let us hope it is the only one for 1929), It in- 
volved only one circuit, however, and caused no 
damage outside the station wherein the trouble 
started. .\ high-tension power fuse blew under too 
heavy a load and caused a flash-over which, to all 
appearances, caused a short circuit. The new line 
switch on the roof functioned as it should, but the 
power houses circuit breakers on that same circuit 
also tripped. No other switches opened and none 
of the rolling mills or major units were affected. 
Had this same kind of trouble taken place in 1923, 
or earlier, severai of the many 300-ampere oil 
switches would have been damaged and the entire 
system would have been without power for some 
time. 

Probably nothing reflects improvement in oper 
ations, brought about by improvements throughout 
the entire 6600-volt system, like the tabulation of 
power failures by years, noted above \ feeling of 
security now obtains; that cable terminals are not 
likely to fail, oil circuit breakers will not blow up, 
that the chances are good for isolating disturbances 
and confining them to one circuit, that a standby 
or second source of supply will not be damaged, 
and that conditions are nearly right for making ex 
tensions without first having to replace inadequate 
equipment. 


(11) Some Probable Considerations for the Future 
There is still in prospect a much larger power 

system. More and larger generators will very likely 

be added in a few years to come, more circuits will 


f distribution will be 


be needed, and new centers « 
created, 

\t the present moment a new turbo-generator of 
20,000 KW > capacity or larger is in the picture. This 
installation will of course mean more switch gear 
and circuits of some kind, and will have a bearing 
on operation of present equipment. In the second 
study of short-circuit currents, it was assumed that 
this machine would be installed in the South Power 
Hlouse and short-circuit currents were calculated 
accordingly. Now it seems that this machine may 
be installed in or near the North Power House, in 
which event it will have a different bearing on oper 
ation of existing equipment. Consequently, a third 
study of short-circuit currents with this machine in 
another assumed location is now in prospect. 

It seems certain that more reactors will be in 
stalled as more generator capacity is added, espe- 
cially in the North Switch Tower feeder circuits, 
and also for protecting the North Power House bus 
and switches. 

Not enough attention is yet given to our present 
relay equipment and as the system grows, not only 
will more attention have to be paid to these relays, 
but also to a relay system of much greater scope, 
with more care given to sequence of operation and 
to the isolation of circuits and apparatus when 
trouble occurs. 

The matter of a grounded neutral system may 
well be considered. We know very little of what a 
vrounded neutral system may mean to us, but we 
will keep an open mind on the subject and be 
guided by both what others have experienced along 
this line and what the manufacturer’s experts ad 
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vise. Such a system may become necessary if we 
are to make the most of adequate relay protection. 

An overhead ground wire was at one time used 
over all our transmission lines but, due to many 
changes on account of temporary locations, the 
ground wires were gradually dispensed with until 
now no such wires are used. We have operated 
for several years without them. The lines are now 
in permanent location and it may be that overhead 
ground wires should be installed. This is a ques- 
tion for which we have not yet developed an answer. 

Transmission of power over the trunk lines at 
a much higher potential through transformers may 
come up for serious consideration. The system is 
comparatively short and so compact that such a 
change would not prove economical for some time 
to come. 

Automatic substations are being used with satis- 
factory and economical results, and this particular 
subject will be carefully considered as new  sub- 
stations are needed. 

The use of synchronous motors for main drive 
applications is becoming more prevalent. These 
machines are very desirable wherever they can be 
used, but their performance characteristics during a 


short-circuit condition must be duly considered and 
precautionary measures provided. 

An isolated production unit is served with 60- 
cycle, purchased power. As the matter of frequency 
converter equipment for tying two systems together 
has been considered before, so may it again come 
up for consideration. It is rather doubtful, however, 
that much consideration will ever be given to the 
installation of 60-cycle power generation equipment 
because a sizeable 25-cycle, modern system already 
exists. 

In concluding this paper, the writer desires to 
convey an expression of appreciation to those with 
whom he is associatde in his work for the help they 
have given him and also to engineers in both West- 
inghouse and General Electric Companies. 

The writer does not take credit for conceiving 
the idea of the first short-circuit study. That work 
was done by a man in our employ at that time as 
power engineer, with whom the writer worked and 
whom the writer assisted in such work. 

The writer hopes that the paper just presented 
is replete enough with substantial matter to have 
proven interesting and worth-while, and that it may 
prove useful to others. 


Discussion 


L. A. Terven*: Mr. Hussey’s paper is of great 
interest to the public utilities. The West Penn 
Power Company has experienced growing pains for 
several years, and these have been more pronounced 
since the major generating plants have been con- 
nected together. 

[t is an easy matter for an enterprise to outgrow 
the rupturing capacity of its breakers before the 
matter is summarily called to the attention of the 
engineers by severe equipment failures and conse- 
quent interruptions to service. The cures to this 
condition are well given by Mr. Hussey, and _ in- 
clude: 

a. Segregation of loads, with automatic 

cutting of tie lines. 

b. Radial or loop feed systems. 

c. Reactors at critical points. 

d. Larger circuit breakers. 

ce. Use of a large breaker to protect a 

group of smaller breakers. 

The cures can be made more effective by other 
methods hinted at by Mr. Hussey, to wit: 

a. Effective relaying. 

b. Neutral grounding. 

Although the number of faults for the last few 
years is very low, I believe that the installation of 
an adequate relaying system, including ground re- 
lays, would limit the outages to the equipment in- 
volved so that no system outage would be exper- 
ienced. 

The flash-overs during trouble on the lines would 
suggest surging, as is Only too common on system 
with ungrounded neutrals. Arcing grounds with 
consequent excess voltages are common with iso- 
lated neutral systems, especially when the insulators 


*Technical Engineer, West Penn Power Co., Pittsburgh, 
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are subjected to atmospheric conditions that are 
usual around steel mills. 

While a dead grounded neutral is the most ef- 
fective in reducing surge voltages and while it also 
offers the advantage of requiring no special ground 
relays, the general practice today is to use a resist- 
ance in the neutral which will limit the current to 
a value sufficient to isolate the fault through the 
use of ground relays, but insufficient to cause dis- 
tress on the circuit breakers. Practically all of our 
shorts originate as a phase to ground fault, and 
prompt ground relay action will isolate the trouble 
before a disastrous phase to phase short develops. 

We use the five second thermal rating of the 
breakers, as our relaying is based on selective tim- 
ing as a rule. By slowing down breaker action we 
can take advantage of the decay in generator output 
due to the synchronous reactance of the machines 
coming into play. Several of our generators have 
over 100% synchronous reactance. This means that 
less than full load is supplied to a dead short after 
the transient effects are past. 

The so-called transient reactance usually de- 
scribed as the sum of the armature tooth leakage 
reactance and the field leakage reactance limits the 
initial short circuit current. For the first five or six 
cycles the current also experiences a transient effect 
which may cause a doubling of the current, due to 
relations between voltage and future phase of cur- 
rent at the time of the fault. If we set the relays 
for a slight delay we will permit transient condi- 
tions to fade into steady state short circuit condi- 
tions which are easier for the breaker to handle. 
This does not apply to cable failures, which are 
progressive, and may involve maximum current at 
the time of breaker opening. 

I have been asked to say a word about calculat 
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ing boards. <A _ perfect board would represent all 
material quantities in a three phase way. Such a 
board is impracticable to construct because it would 
involve distributed capacity and inductance for the 
transmission lines—a difficult thing to install. Such 
a board would give: 

a. Shorts of all kinds, including phase to 

ground, phase to phase, and three phase. 

b. Line regulation and current distribution 

during operation. 

I do not know of any such commercial board, 
although several experimental boards have been 
built for laboratory work, where only a few units 
are required. Even this board will not give full 
transient data unless imitation generators are in 
use at generating points. 

With the next type of board we neglect resist- 
ance and use only reactance. For convenience we 
use D. C. as a source and then transfer reactance 
values into resistance. This board permits three 
phase short circuits to be measured direct and noth 
ing else. Phase to phase short circuits can be mea- 
sured by using three setups of the resistors, but 
phase to ground currents involving ground resistance 
cannot be measured. Line regulation cannot be mea 





sured at all. 

The last type of board can be made in three 
ways: 

1. Fixed resistors representing lines and 

apparatus. 

2. Variable resistors for the same purpose. 

3. A combination of (1) and (2). 

The West Penn board uses a 40-volt D. C. 
source with fixed resistors for present equipment 
and variable resistors for future apparatus. Ar- 
rangements are made so that any line or piece of 
apparatus may be temporarily retired from the board 
and a substitution made of other lines, etc. 


A. C. Cummins*: The Association is to be con- 
eratulated on having a paper, which is so pertinent 
to safe and reliable operating conditions in steel 
mills, presented by one so fitted to tell the story as 
Mr. Hussey. I would like at this time to express 
my admiration of the way in which Mr. Hussey has 
presented data in reference to troubles in a frank 
and courageous way. It therefore behooves those 
present at this meeting to enter into the discussion 
in an equally frank and open way, with the idea of 
having the records of the Association well supplied 
with data that is absolutely accurate, for the benefit 
of those who may in the future be required to in 
vestigate this interesting subject. 

Short circuits on power systems in steel mills, 
whether such systems are supplied from local gen 
erating stations or public utilities should be elim 
inated as far as possible and those short circuits 
which will occur, even after all precautions are 
taken, must be limited in magnitude and in the ex- 
tent which they affect operations for two reasons, 
which are as follows: 

(1) Short circuits, if not restricted in their 
magnitude, will cause total interrup 
tions with the resulting loss in produc- 
tion and possible damage to equipment. 


*Elec. Supt., Carnegie Steel Co., Duquesne, Pa 


(2) Short circuits must be limited in magni- 
tude and be properly controlled to safe- 
guard employees whose duties require 
their presence in close proximity to 
electrical apparatus. 

My first experience with the solution of short 
circuit problems was at the Duquesne Plant of the 
Carnegie Steel Co, in 1916. At that time the power 
system consisted of several radial feeders, with 
power supplied by 7,500 KVA in engine type gen- 
erators, and 18,750 KVA in turbo-generators. ‘The 
oil switches installed in the power house at that 
time had adequate rupturing capacity to handle short 
circuits, but did not possess sufficient mechanical 
strength or short time heat absorbing capacity to 
successfully withstand the initial current rush due 
to short circuits, or the heat developed under such 
conditions before the breaker could open. Further- 
more, voltage conditions in the power house bus 
were so poor at times of short circuit that all syn- 
chronous apparatus dropped out of step and a 100% 
interruption of service throughout the plant was 
usually the result of any line trouble or other dis- 
turbances. The problem therefore was one of main- 
taining continuity of service on feeders not directly 
affected by trouble during times of short circuit and 
overcoming mechanical heating difficulties rather 
than preventing the explosion of oil switches or the 
injury of employees. 

\fter making studies of the various methods 
which could be used to solve this problem, feeder 
reactors were decided upon because they would 
limit the short circuits to values for whith the ex- 
isting circuit breaker equipment was adequate, and 
also because feeder reactors would make it possible 
to maintain approximately 60% normal bus voltage 
even though lines were dead short circuited im- 
mediately outside the power house. Generator re- 
actors on the other hand, would improve the con 
ditions affecting the circuit breakers, but would not 
help the bus voltage at times of short circuit. These 
feeder reactors were finally purchased and their in- 
stallation completed in 1918. The writer can say 
that a total interruption caused by outside line 
trouble has not occurred at the Duquesne Works 
since the completion of the installation of these re- 
actors. There have been several total interruptions 
due to the failure of a feeder reactor iteslf. How- 
ever, the original reactors have since been replaced 
with a more rugged design and reactor failures have 
not occurred since the installation of this improved 
equipment. 

In 1926 and 1927, it became desirable to improve 
the electrical interconnection of the Carnegie Steel 
Co. Plants in the Monongahela Valley and also the 
plant of the National Tube Co. at McKeesport in 
order to more economically utilize available by-pro- 
duct fuel. After numberous studies of the economies 
of the situation, it was determined that the use of 
14,000 volt twin circuit tower line of the same type 
of construction as used by the public utility systems 
on their more important lines offered the most 
economical solution of the problem. As the total 
length of the line is only 14 miles, the line reactance 
of the circuits between five different plants is com- 
paratively small and it therefore became necessary 
to make a complete short circuit study of the entire 


system when interconnected. This study developed 
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a number of apparent weaknesses in low voltage dis- 
tribution systems which previously had not been ap- 
preciated. Among points which proved rather sur- 
prising was that the reactance of substations, trans- 
formers, and lines was greater than the intercon- 
nected aerial cable lines which had previously been 
used for connecting two of the plants. Even though 
the maximum capacity for power transmission over 
the high tension lines was five times greater than 
that of the cable interconnection. 

It was also found that by properly adjusting the 
value of a bus and feeder reactance on all of the 
five stations which it was planned to interconnect 
that 6600 volt bus voltage at each of the individual 
plants could be maintained at approximately 60%, 
under short circuit conditions on any of the 6600 
volt distribution systems. The short circuit calcu- 
lating board also proved very valuable in determin- 
ing the most effective system of relaying. The pub- 
lic utility relaying problems differ somewhat trom 
that of a steel mill because of length( and_ there- 
fore the reactance) of lines tying substations and 
power plants together are much greater than cus- 
tomarily found in the large steel plants. Therefore 
relays which depend on the drop due to reactance 
between substations to be effective cannot be used 
as successfully in steel mills as in the public utility 
systems. The use of simple over current or over 
current and differential relays combined, usually 
offers the best solution of the relay problem in the 
steel mill system. 

There is one problem in connection with relaying 
which was overlooked in connection with the cal- 
culating board short circuit studies, viz., the fact 
that while it is possible by combining differential 
and over current relays to protect the plants against 
local or outside short circuit conditions so long as 
their normal generating capacity is operating, it has 
not so far been possible on our system to protect 
plants against local short circuit conditions when 
only a small part of their usual generating capacity 
is in service. To be more specific, the problem may 
be described as follows: 

\ssuming a plant having a normal load of 15,000 
KW but on account of lack of available by-product 
fuel only operating 5,000 KW in generating capacity. 
The balance is being secured from the interconnect- 
ing line. A short circuit on the plant local distri- 
bution system will result in such a great inrush oi 
current from the interconnecting line from the four 
other plants that it will trip the substation oil 
switches, thus disconnecting the plant from the out- 
side sources of power. Adequate protection for 
trouble in the 44 KV system necessitates a_shori 
time setting on all substation relays. Therefore 
longer timing of 44 KV relays cannot be used to 
prevent a substation outage and the local steel! 
plant is left with generating equipment in service 
heavily overloaded and part of the load must be 
dropped without warning to prevent more serious 
service difficulties. Perhaps some of our public 
utility engineers have had similar problems to solve 
and can make a suggestion which will help to cor- 
rect this difficulty. 

There is another problem which | would like to 
present to the relay specialists here this evening, 
and that is the matter of whether concentrated or 
distributed feeder reactance is more desirable on 


single ring feeder circuits. If the feeder reactance 
is concentrated at each end of the ring at the power 
house any line disturbance usually results in such 
a drop of voltage throughout the entire length of 
the ring that synchronous apparatus falls out of 
step. Would it be better to divide the total re- 
actance of the ring by installing smaller reactances 
at the power house and other reactances at strate- 
getic points in the ring circuits? I would be inter- 
ested to hear from any one who has had experience 
along this line. 

Up to the present time it has been accepted as 
almost essential to use the same voltage on large 
motors in steel mills as is used for the generating 
equipment. The amount of power required in the 
steel industry is rapidly increasing, and the current 
required to transmit this power at 6600 volts i: 
becoming of very large magnitude. It would seem 
as if the time was near at hand when some change 
in the existing distribution practice was necessary. 

A solution would be to use generating equipment 
rated at 13,200 volt; distribute power at this voltage, 
stepping down by means of auto-transformers to 
6600 volts in mill motors. The opinion has been 
expressed by some designing engineers that satis- 
factory 13,200 volt motor equipment can be con- 
structed for mill use so long as such motors are of 
the synchronous type, having relatively few slots 
in the stator core, permitting the use of coils with 
adequate insulation. Such motors should be just 
as reliable at the present stage of the art of insula- 
tion (particularly if provided with clean air for 
cooling) at 6600 volt motors of 15 years ago. Re- 
ducing 13,200 volts to 6600 volt for utilization in 
motors would be therefore required only for induc- 
tion type motors, where the stator slots are many 
and the possibilities of insulating for higher vol- 
tages more restricted. It is hoped someone will be 
courageous enough to construct a 13,200 volt mill 
distribution system using 13,200 volt generating 
equipment, synchronous motors connected directly 
to the 13,200 volt line, and where induction motors 
are required, 2 to 1 auto transformers to reduce the 
line voltage for their requirements. If any one has 
an opinion to express on a more economical means 
of solving the problem of power distribution in our 
larger steel mills, it would be pleasing to hear their 
reaction to this proposal. 


A. G. Darling*: The necessity for consideration 
of stresses on oil circuit breakers and consequential 
disturbances to system operation, is shown in Mr. 
Hussey’s very complete history of his plant. Taken 
in time, many inconveniences can be relieved or 
eliminated by a thorough study of plant conditions 
and prospects for future expansion. This type of 
investigation is occupying the time of many plant 
engineers today, with noticeable improvement in 
plant operation. Systematic reviews from time to 
time as actual conditions change and plans for the 
future become more definite will be found profitable 
from the standpoint of continuity of service, as well 
as financially. 

As each plant has its own peculiar conditions to 
meet, there can be no general solution for all. How- 
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ever, there are only a few major arrangements which 
prove effective in limiting short-circuit currents and 
retaining continuity of service. Given in the order 
of their effectiveness, some of these are: 


|. Single generating station bus, radial 
feeders, no reactors. 
2. Generating station ring bus_ section- 


alized with reactance between generators 

and; 

a. Loop feeders with reactors from one 
bus section to substations and back 
to another bus section, OT; 

a-l. to the same bus section 
b. Radial feeders with reactors obtaining 


duplicate service from separate bus 
sections by two feeders in parallel, 
separated by a reactor at the sub- 


station end, or; 

b-1. the same arrangement, except 
radial feeders with reactors 
taken from one bus section. 

3. Generating station bus sectionalized but 
not connected in a ring. 
a. Feeders same as 2-a. 
b. Feeders same as 2-b. 

!. Synchronizing bus with reactors between 


it and generator buses 

a. Feeders same as 2-a. 

b. Feeders same as 2-b. 
for limitation of short circuit currents in sub- 
stations, there are also a few major arrangements: 


For single circuit supply: 
1. No reactors 
, 


2. Reactor on incoming line. 


3. No reactor in incoming line but local 
feeders divided into groups with re- 
actors feeding each group. The groups may 
consist ef several or only one local 
feeder. 

Kor double circuit supply 

1. No reactors. 

2. Bus sectionalized by reactor between 


incoming lines. 
3. Reactors on each 
t. Combination of 2 
5. No reactors in incoming 
but local feeders divided 
each fed by reactors; the 
consist of several or one 
6, 7, etc. 
Combinations of 5 with 2, 3 or 4. 
Still another effective method which applies when 
the incoming feeder or feeders are heavy trunk lines 


incoming line. 
and 3. 

lines or bus 
into groups, 
groups may 
local feeder. 


is a reactor in the tap to the substation which in 
general will be of small capacity relative to the 
trunk feeders. 


The plan adopted at the Aliquippa Works is in 


general a single generating bus sectionalized by 
reactors between generators. In the arrangement 
used in 1923, the North Power House (15,330 
Ky-a.) is connected to the South Power House 


(20,000 Kvy-a.) by lines and reactors, which, if 
combined together, would form a single reactance 
separating the 15,330 Kvy-a. of generators from the 
20,000 Kv-a. generator, resulting in a reactance of 
4.6%. 
The 


one to 


1929 arrangement is 
1923, but with 
between bus 


essentially a similar 
materially different values of 
sections. To separate the 


reactance 


North Power House (13,820 Ky-a.) from the South 
Power House, a 10.2% bus reactor was added and 
the trunk lines which previously connected these two 


sections together were opened. It will be noted 
that the North and South Power Houses are con 
nected now by only two trunk lines from which 
all substation taps have been removed and _ that 
they have been connected, one to the 20,000 Kvy-a 
bus section and the other to the 12,500 Kvy-a. bus 


section which serves to insure a connection between 
the power houses in case of a major bus 
fault in the South Power House. At. the 
time this type of connection reduces the 


section 
same 
effective 





reactance between the two stations as both trunks 
are brought to one bus in the North Power House. 
Local conditions appear to have entered into this 
situation as they often do in other plants. 
1923 wee 
O150Kv-2 9150 Kv 
A & & 66% 13,820Kv-6 (t. ?. - j 
— A ate nae — NITY ; . 
aneea panama ame capa ; | “re ° 
[ee | ¢ - rane a sans 2] 
mo | ure eie-——Reee-+— 
}eenoroee ceceleece/ xl o1s0Kve | 
‘ 10.2% | ee%/ " 
yeesaaspaceneonee — aoe —anaagasss at anns’} | 2280088 
Loe ooogls econogoe . 2,80 | 16.9% jj e 
fe | » 
Combined Line 9% Sent pon —_ 
Reactence 28% ——negapnrnnroe—soee,t+—{  ) 
soe 14M kva 750 tre 
12,500 Ky 745% 
— a t a L <_ ) 240% 


Jones & Loughlin Stee! Corp 
Alliquippe .Works 
Electrica! System 
Reactance Expressed in Terms of 20,000 Kv-e 


Gen. Cap Refer. Owg 
1923 - 47,730 kyr v-774 
1929- 46,950 Kv-e v- 959 


means of re 
1923 duplicate 


The major change occurs in the 
ducing faults in the substations. In 
feed from separate trunk feeders was provided, while 
today radial single feed is used with an alternative 
feed not intended for continual parallel operation. 


There appears to be an opportunity here when 
conditions warrant, to use some of the means prey 
iously suggested to limit the faults in the substa 


tions and simultaneous service 

Mr. Hussey 
short circuit currents for the 
opment, which indicate that material 
as between the 1923 plan and Scheme 
The following figures indicate the 
tween the 1923 and 1929 results, 
consideration the effect of synchronous 


still obtain duplicate 
has presented comparative 
two 


values of 
devel- 
improvements 

\ proposed. 
differences be 
leaving out of 
apparatus 


stages ol 


in the substations, as it is felt mostly in the sub- 
station to which it is connected but has in this 
case only a minor effect on the system as a whole. 
The values are given in sustained symmetrical Kvy-a. 
Red 

1923 1929 in % 


238,000 Kv-a. 33 
374 000 Kv-a. 16 
326 000 Kv-a. —- 
92,000 Kvy-a. —- 


\aaenlat a.__Sect. 360 000 Ky-a 
Sect. 446,000 Kv-a 
Sect. 322,000 Kv-a 


15.330 or 
20,000 Kv-z 
12, 500 Ky- 
750 Kv-a. rae 
Substation fed from 20.000 
Kv-a. Bus. 98,000 Ky-z 55 


The author presented a table showing the effect ts 
of short circuit on the voltage at various points on 
the proposed system, The value of this information 
is in regard to disturbance to rotating apparatus on 
other circuits than those immediately involved in 
the fault. Whether or not alternating current mo- 
tors will remain in step during a disturbance and 
afterward recover their load is a function of many 
factors, including the design of the motor, the | 


Sect 


220,000 Ky-a 


ie load 
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it is carrying, the duration and extent of the voltage 
disturbance and, with synchronous motors, the ex- 
citation of the field. To take all these into account 
would be a life work and the expectancy would be 
quite problematical. However, with the field excita 
tion of the synchronous motors at approximately 
normal, the drop in voltage becomes one of the ma- 
jor considerations entering the problem. Knowing 
the short-circuit currents contributed and the react- 
ance of the circuit involved, it is possible to predict 
the approximate voltage at points about the system 
which will occur at the time of fault. By an an- 
alysis of simple conditions in test cases, the figure 
of 60% has been taken as indicative of the motor 
remaining in synchronism when transient values of 
reactance are used. This value has proved to be 
sufficient in plants which were arranged to give it 
and more plants are being laid out with this con- 
sideration in mind. As more data becomes avail- 
able, the figure of 60% may be modified. 

Some importance must be placed upon the con- 
sideration of service continuity to motors remote 
from the fault to put this idea into practice as it 
upsets the economical balance which can be applied 
to establish the correct size of oil circuit breakers 
and reactors. 

An analysis of failures by causes reveals some 
interesting data. 

1924 1925 1926 1927 1928 Total 


2 


RO a ee eee 2 ] 7 Me 3 
Cable Terminals____ 4 2 . . 6 
Motor Windings —_- 2 ] ] 7 ee 4 
Lightning W---__- os 2 2 2 a 6 
Line Insulation —_- ] a * 1 
Interference —-....--. - Z | 2 1 6 
Faulty Operation : ; 1 ] . 2 
Miscellaneous ~----- 3 3 l l 8 

Total at. nee S 7 10 6 2 36 


The reduction in cable troubles indicates that 
sufficient cable capacity has been provided. Cable 
terminals and motor winding difficulties may be 
attributed to insufficient insulation for the voltages 
which existed or to voltages in excess of normal 
expectations. It is significant that these two 
causes gave no trouble in 1927-28, whereas they con- 
tributed ten failures in 1924-25-26. It is likely, as 
Mr. Hussey says, that the cable terminals were 
under insulated, and it is also probable that voltage 
surges have been kept down in number as well as 
in extent. 

From the data shown, there is good reason to 
congratulate the men in charge of the engineering 
and operation of the plant upon the marked im- 
provement in the design and results. 


G. P. Wilson*: I am sure that all of us have 
enjoyed listening to Mr. Hussey’s paper describing 
the construction and design of the power system 
which he has in operation at the Aliquippa Works 
of his company. While Mr. Hussey has not men- 
tioned continuity of service, I feel, however, that 
this important idea runs through the entire length 
of his paper. I believe that he has given us a con- 
crete example of the importance of continuity of 
electric service in a steel plant. Many of you men, 
no doubt, have run into problems similar to those 

*General Engineer, Westinghouse Electric & Mfg. Co., 
Kast Pittsburgh, Pa 


discussed and described by Mr. Hussey. Due to 
these difficulties most of you are, no doubt, fully 
aware of the importance of having always available 
electric power in your plant. In the modern steel 
plant continuity of service is no longer an insurance 
but I feel an absolute necessity. Comparatively few 
plants can afford to have power interruptions occur 
very frequently. The loss of production and the 
high maintenance resulting from these outages is 
a serious item in the production of steel. 

The modern manufacturing methods which re- 
quire a mass production make it very important that 
we do everything within reason to provide for con- 
tinuity of service. I wish to emphasize in com- 
menting on Mr. Hussey’s paper, a few of the things 
which he has done to his own system to guard 
against power outages. I personally feel that it 
is just as foolish to operate a steel mill without 
spare or reserve source of power as it is to operate 
an automobile without a spare tire. None of us, I 
am sure, would be so careless or indifferent to our 
comforts and expenses as to even attempt to travel 
a very great distance without a spare tire. The first 
thing we do when we buy a car is to buy a spare 
tire if one does not come with the purchase price of 
the car. It is true that we may not need the spare 
for some time, but it is also true that we might have 
a flat tire before we get the car home, and it is this 
uncertainty that makes us pay considerable atten- 
tion to the spare. This same idea is applicable to 
furnishing spare unit or reserve capacity to your 
power system. If it is possible to do so, several 
sources of power is very desirable. This is well 
illustrated in Mr. Hussev’s paper. He has two 
separate power-houses. I realize of course, that in 
a great many plants this condition may not be per- 
missable. However, I feel that under present con- 
ditions that more use might be made of the. public 
utility or central station system in the steel plants. 
This power to be used either as a standby service 
or as a source of power to be utilized as the demand 
in your plant requires. If operated in parallel with 
your own power system it will, 1 believe, provide 
an excellent reserve for emergency purposes. 

Reserve Capacity and separate sources of power 
are only two of the items however which may be 
utilized for providing against power outages. To 
provide ample assurange that reserve capacity will 
be utilized to the best advantage, it is essential that 
we have a well planned and well constructed dis- 
tribution system. To illustrate our meaning we will 
again use the automobile as an example. I am quite 
sure that all of us who own and drive an automobile 
will agree that under present day conditions that it 
is mighty convenient if not essential that we have 
several roads leading from one point to some other 
point. These parallel roads permit diverting traffic 
when a road is being repaired and naturally elimin- 
ates interference and delay. The same principle 
holds true in power distribution. It is essential that 
we have parallel lines if we wish to give the best 
guarantee of continuity of service. One will find, 
in many of the steel plants this idea of parallel cir- 
cuits as illustrated in Mr. Hussey’s paper. The 
power distribution system illustrated in the Ali- 
quippa Plant is a radial type system with parallel 
lines. The physical layout of the Aliquippa Works 
makes this type of system practically necessary. A 
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second scheme of distribution which is becoming 
quite generally used in steel mills is the ring bus 
system, I appreciate that this type of system could 
not be used to the best advantage at the Aliquippa 
Works due to the arrangement of the mills and the 
physical dimension of the property. However, where 
the mills are distributed in such manner that the 
ring bus system can be utilized, I believe that con- 
tinuity of service can be maintained much _ better 
with this type of system than with the radial type. 
This is due primarily to the fact that a great many 
of the circuits feeding individual mills do not al- 
ways have parallel circuits and a second reason that 
usually parallel circuits are carried on the same pole 
line so that if trouble develops on one circuit it is 
quite apt to be transmitted to the other and both 
of them will be put out of service. The ring type 
construction with which you are familiar is a con- 
tinuous circuit with the various mills tapped off at 
points in the ring. The ring should be sectionalized 
so that trouble developing on any one point will be 
completely isolated and power fed into the remainder 
of the mills over two general feed lines. 

Another very important consideration and one 
which should not be overlooked in providing the 
proper guarantee of service in your plant is protec- 
tion. Protection not only against external but in 
This subject of protection may be 


ternal causes. ; 
One class which 


divided into two general classes. 
deals with external causes on transmission line fail- 
ure such as lightning discharges and insulation flash 
over. This protection is important and should be 
provided. The matter of abnormal voltages on power 
systems due to lightning or arcing grounds and the 
effect of these transient voltages on the equipment 
installed in ones plant should be given a great deal 
of attention. Mr. Hussey has pointed out in his 
paper that he increased the voltage rating of all his 
line insulators in order to reduce outages and lessen 
trouble due to surges caused by lightning and the 
flashing over of insulators. This has been the trou- 
ble in all the steel plants. I believe that this custom 
of over insulating the line will however eventually 
lead to worse trouble. It must be obvious to all 
that if the transmission line is insulated abnormally, 
equipment connected to the line should also be over 
insulated or protected in some other way from these 
abnormal surges. A surge which might ordinarily 
spill over an insulator on normally insulated line if 
over insulated will probably reach the equipment 
itself thereby causing failure. Most of you, no doubt, 
appreciate that it would be rather expensive for the 
manufacturer to build apparatus which would take 
these abnormal voltage conditions. ‘The stresses due 
rounds and 
nany times 


to abnormal operation such as arcing g 
those caused by lightning are often 1 
higher than what the standard insulation is designed 
for. 

To eliminate this condition on an isolated sys- 
tem particular attention should be paid to the light- 
ning arrester. This arrester should be shunted by 
a suitable safety gap. The gap setting should not 
be in excess of the flashover values recommended by 
the manufacturer. A second method which appeals 
to the writer as being more satisfactory is to ground 
the neutral of your system. The grounding of the 
neutral will permit a lower setting of the lightning 
arresters and thereby relieve the system of the ex 


cess voltage at a much lower value than would be 
possible with the isolated system. 

In connection with this idea of over insulation 
of the line, it might be pointed out that the accu 
mulation of dirt and dust on the insulators does not 
lower the flashover voltage of them as rapidly as 
one is probably lead to believe. We have made 
tests on insulators and found that the flash value 
of a cleaned insulator and a dirty insulator differs 
only about 15 or 20 per cent. We made a test on a 
14,000 volt line insulator quite recently. These in- 
sulators were rated at 66 Kv, and supporting a 
14,000 volt line on a pole very near a blast furnace. 
We had the steel company to provide us with in 
sulators, one of which had not been cleaned for 
three or four months and one that was cleaned in 
accordance with their general practice of cleaning 
insulators. These insulators were taken off the pole 
at the same time and brought to our factory for 
test. The cleaned insulator had only dropped about 
5 per cent below the original insulating value. The 
insulator which had not been cleaned for four months 
was only about 10 per cent below the cleaned in- 
sulator, making, therefore, a total of approximately 
15 per cent. This test was taken as a dry flash 
over and also as a wet flash over. This test may 
not, however, be conclusive. It is my opinion that 
with the lower voltages the type of insulator is such 
that probably the ratio between the flash over of a 
dirty insulator and a clean insulator will be much 
greater than with the higher voltage type of insula 
tor which is built up as a string of individual units. 

The second class of protection which is important 
on a transmission system is to equip the system with 
relays connected so as to sectionalize the trouble 
and keep it to a minimum, This naturally involves 
a very complete study of your system so as to equip 
each circuit with the proper kind of relay. On a 
ring bus system proper relays can be furnished and 
so connected as to isolate any section. With radial 
system this is not always so easy to accomplish, but 
with a reasonable amount of study given to it con- 
siderable may be done in guarding against outages. 

Mr. Hussey has very clearly pointed out to you 
the necessity of providing oil circuit breakers with 
ample interrupting capacity. I am sure that most 
f you appreciate the importance of having oil cir 
cuit breakers on your system which will handle suc- 
cessfully short circuit conditions. It is comparatively 
easy at the present time to make the proper applica- 
tion of oil breakers to any system. This should be 
borne in mind and ample precautions taken to guard 
against failures due to the application of wrong oil 
circuit breakers. I realize, of course, that quite fre- 
quently it is hard to foresee the growth of a plant 
ind that sometimes we are unable to provide break- 
ers which are adequate for future developments. We 
should, however, take into account a reasonable ex- 
pansion of the system and select breakers accord- 
ingly. If the expansion of the plant is of such a 
value that the type of breaker is exceeded a com- 
paratively small amount we can often relieve the 
situation by the installation of line reactors. Line 
reactors are coming more and more into general use 
in the steel plants. Operators are beginning to 
realize that heavy short circuits are injurious not 
only to the breakers, but also to the power system 
in general. ‘The mechanical forces set up in your 
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whole system under heavy short circuit condition 
may be of such a magnitude as to weaken it me- 
chanically. Reactors if properly applied will relieve 
this condition quite materially. Reactors will not 
only relieve the bad effects due to the heavy short 
circuit current, but also assist in maintaining volt- 
ages on your system permitting quite frequently 
synchronous apparatus to remain in operation under 
severe short circuit conditions. This, to my mind, 
is one of the most important advantages of reactors. 

In closing | wish to compliment Mr. Hussey on 
the way he has put this problem before you. I feel 
that he has done it in such a way as to call forcibly 
to the minds of all of us the importance of continuity 
of service in our plants, and by giving some con- 
crete examples of how he has improved operating 
conditions, he has given us some very good and 
beneficial information. 


B. M. Jones*: The paper presented today by Mr. 
Hlussey is very interesting, and should be doubly 
interesting to you electrical people of the steel 
plant, whose everlasting cry is “tonnage and more 
tonnage.” From even a casual reading of Mr. Hus- 
sey’s paper and only indifferent attention to the pre- 
sentation thereof today, it is apparent to any one in 
the electrical game that material and beneficial re- 
sults have been obtained from the replacement of 
inadequate breakers and associated protective devices 
with modern adequate breakers which will take care 
of the present conditions and allow for future expan- 


encountered in steel plants in the way of cranes 
and other equipment, nor are our lines subjected to 
as much dust and dirt (for the most part) as lines 
in a steel plant. Mr. Hussey uses a much larger 
insulation factor, and which appears to be entirely 
justified, than we do. 

A very interesting portion of Mr. Hussey’s paper 
was that portion referred to as “ungrounded sys- 
tems” in the latter part of the paper. In the A. I. 
E. E. Proceedings of 1923 there is a report of the 
Protective Devices Committee of this Institute which 
goes into the subject of present day practice in 
grounding of transmission systems quite thoroughly, 
and is a very interesting report. I mention this 
because I personally feel that some of Mr. Hussey’s 
previous troubles, and possible some in the future, 
but it is hoped that they will be very few, may have 
been due to the fact that he was operating his 6600 
volt system ungrounded, with the result that all 
troubles that the circuit breakers were called upon 
to interrupt were short circuits, and, therefore, of 
a severer duty than would have been the case with 
a grounded system where a great majority of the 
troubles would have been single phase to ground 
faults. 

On the Duquesne Light 66 kv. transmission 
system, which is a double circuit transmission sys- 
tem on steel towers, there were the following num- 
ber of single phase to ground faults, single phase 
short circuits and three phase short circuits during 
the years 1925 to 1928 inclusive: 








Number of Station Faults 


Total Number of Faults 























Number of Line Faults 

l-ph. l-ph. 3-ph. 1-ph. 1-ph. 3-ph. 1-ph. 1-ph. 3-ph. 

Grounds Shorts Shorts Grounds Shorts Shorts Grounds Shorts Shorts 
a Ce 0 4 9 0 I 43 0 5 
1926. 29 7 () 4 0 0 33 7 0 
1927 a OO 4 0 8 0 0 28 4 0 
1928_ 21 3 2 1 2 1) 22 5 2 
Total 104 14 6 22 2 ] 126 16 7 





; rE Tabulation of Faults on Overhead Lines for 1928 














Ta ee ~ |-ph. Grounds l-ph. Shorts 3-ph. Shorts Total 
% of Return to % of Return to % of Returnto Ret. to Service 
Kv. No. Total Service No. Total Service No. Total Service No. No % 
66 2 80.8 16 3 11.52 1 2 7.68 7 26 14 53.8 
22 86 56.6 67 34 22.35 11 32 21.05 4 152 82 53.9 
11 l 33.3 a ] 33.3 = 1 33.3 _ 3 +2 os 
Total__108 59.66 80 38 21.0 12 35 19.34 4 181 06 53.0 





sion and growth, and the author should feel a great 
pride in the correction of a very unsatisfactory situa- 
tion of long standing. 

Part 2 of Mr. Hussey’s paper on the description 
of power failures and troubles is, to my mind, the 
most logical basis from which to start on such a 
program, for you must know what troubles and dif- 
ficulties have been experienced before you can ex- 
pect to get authorization to correct any trouble. 

The electric transmission system of a large steel 
plant, similar to Mr. Hussey’s plant, is considerably 
difficult, in many respects, from the electric trans- 
mission system of an operating power company, 
such as the Duquesne Light Company. Our lines 
are scattered all over the county, and of course are 
much longer, but are not subjected to the physical 
hazard from adjacent structures, such as would be 





*Equipment & Protection Engineer, Duquesne Light 


Co., Pittsbureh, Pa. 


From this tabulation it will be seen that there is 
a total of 126 single phase to ground faults, with 
16 single phase to single phase faults, and seven 
three phase short circuits. This 66 kv. transmission 
system is grounded through 63 ohms at two points, 
and the resultant ground faults cannot exceed 1300 
amperes, while the short circuits that can be en- 
countered at different points on the system vary 
from 5000 to 12000 and greater. This tabulation 
shows that about 85% of all 66 kv. faults were 
single phase to ground, with a resulting maximum 
fault current of 1300 amperes. This, of course, is 
much easier upon the breakers than the 5,000 to 
10,000 amperes of short circuit, and we have ex- 
perienced no difficulty with these breakers on the 
troubles encountered, but with an ungrounded sys- 
tem, our experience might have been very different. 

On other voltages, 11 and 22 kv., the tabulation 
above shows the number of single phase to ground, 

















September, 1929 


IRON AND STEEL ENGINEER 519 





single phase shorts and_ three-phase — shorts. 

From the above tabulation, it will be noted that 
approximately 60% of the total number of faults are 
single phase to ground faults, with the resulting less 
severe duty on the circuit breakers, for the 11 and 
22 kv. systems are both grounded through resistors, 
through 15 ohms and 3.75 ohms respectively. 

This above tabulation also shows that 53% of all 
line troubles were returned to service immediately. 
This means that after the breakers opened, they 
were reclosed at the end of two minutes and re- 
mained closed, thus indicating that the line was 
satisfactory. This also means that the fault was of 
such a low magnitude that 53% of the line troubles 
did not burn the line down or sufficiently damage 
the insulator to prevent re-establishment of service, 
and we feel that this is in a large proportion due 
to the resistor grounded system, and the installa- 
tion of adequate ground relays, for our records for 
years past have shown that the percentage of lines 
returned to service has increased by a large amount, 
since the installation of ground relays and the re- 
sistors. 

It might appear that undue emphasis is being 
given to the matter of a resistor grounded system, 
but I am personally convinced that this is the best 
method of operating a transmission system that en- 
counters many troubles, and in the Protective De- 
vices Committee paper in the A. I. E. E. in 1923, 
as previously referred to, the trend is very clearly 
toward resistor grounded systems, and the reasons 
therefore are given. 

It is apparent that Mr. Hussey went after this 
problem of providing adequate breakers in a very 
thorough manner and made a complete short circuit 
study which is very sound engineering, and from 
which basis he seems to have convinced his man- 
agement that the expenditure was necessary. 

The matter of short circuit studies has become 
very important in the last few years, and our Com- 
pany bought a short circuit calculating table about 
three years ago, and now actually calculates tne 
short circuits that will flow under all possible con- 
ditions before any changes are made to our trans- 
mission system, and frequently find that the dutie: 
imposed on certain breakers are so severe that we 
must resort to other means of transmission con- 
nections to limit this duty, such as reactors or dif- 
ferent bus connections. 

| understand that Mr. Egan of the Lackawanna 
Plant of the Bethlehem Steel Company made a 
study similar to Mr. Hussey’s, of their plant a few 
years back, and set up a program to provide ade- 
quate breakers and switching equipment. 

It costs money, and a lot of money, to replace 
inadequate circuit breakers and switching equipment 
in a system of any size, and Mr. Hussey undoubt- 
edly realized this when he set about to correct thi 
unsatisfactory conditions in his plant, but I think 
that we will all agree with him that inadequate cir- 
cuit breakers should be replaced with adequate 
breakers just “as rapidly as possible. Our Company 
spent quite a large sum of money in 1927 and 1928 
replacing circuit breakers in the 11 and 22 kv. class, 
due to the growth of our system, and due to the 
improvement in oil circuit breakers. The writer 
mentioned this before your Society at the Pitts 
burgh meeting in December, 1927. 


I notice with interest that Mr. Hussey gave due 
and proper consideration to the thermal capacity of 
the breakers as well as the interrupting capacity. 
This is one of the determining factors in applying 
circuit breakers properly where there are enormous 
currents involved for the first few cycles of the 
short circuit, and which high current has been re 
duced materially by the time the breaker opens due 
to the decrement of the generators. This is par 
ticularly true in breakers close to the power house, 
and quite frequently necessitates the installation of 
a larger breaker than would be required for the 
interrupting duty alone. However, the larger breaker 
is justified for you will certainly get the high cur- 
rent for the first few cycles as often as you will 
get the severe interrupting duty upon the breakers. 

It appears that the matter of space was a serious 
item in Mr. Hussey’s program, and that additional 
ground space was not to be had under any condi- 
tions in certain cases, and that rather ingenuous 
methods were used to overcome this handicap. 

The use of reactors and bus splitting schemes 
apparently helped Mr. Hussey out of some of his 
difficulties, and I might say that similar schemes 
have been used by power companies for exactly the 
same purpose, and have certainly reduced the duty 
on breakers with resulting saving in money in pur- 
chase price of breakers. 

In the last part of Mr. Hussey’s paper I notice 
that he mentioned certain plans they have or may 
have for the future, and in such plans I would 
make the suggestion, if I may, that the grounded 
system, solid or resistor, be given serious consider- 
ation to further lessen the duties on the breaker: 
and to reduce the ever present possibility of shaking 
off the motors driving the main rolls due to the 
severe voltage dips and surges on the system. 

[ would like to say that it is well worth 
while for you steel plant electrical people in 
any short circuit study or circuit breaker installa- 
tions to plan for the future, the distant future. As 
mentioned before, they have a two acre field vacant 
now, but do not know what mill may be installed 
there, nor what additional generating capacity will 
be required to carry this mill; therefore, they must 
guess at it and buy and install breakers now else- 
where in the mill that will be adequate at some 
future date. 

Duquesne Light Company with whom I am now 
connected, have a county and a half of territory, and 
do not know where the next large load will be re 
quired, and, therefore, must make plans to provide 
adequate circuit breakers for anything that may de- 
velop. Recently we installed a new Highland Sub 
station near Washington boulevard in Pittsburgh, 
Pa., fed at 66,000 volts from our Colfax Power Sta- 
tion. The installation of this station necessitated 
very careful study of the short circuits in this dis- 
trict, for this Highland Substation fed adjacent sub- 
stations at 22,000 volts, and raised the short circuit 
current appreciable in this and surrounding districts. 
It was necessary to resort to a three bus scheme 
at East End Substation to avoid replacing certain 
breakers recently (a year or two ago) installed in 
this station. This would have meant a considerable 
amount of money, and the sectionalizing scheme al- 
lowed us to retain the present breakers which are 
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amply adequate with sectionalizing methods. I men- 
tion this merely to show that you must plan for the 
future in applying breakers for any additional capac- 
ity will certainly burden the breakers to a greater 
and greater extent. Most of the large utility com- 
panies strive to have plans for their future growth 
abreast of the growth, and try to install equipment 


that will be adequate for the future growth as it 
comes, 
Our company has a calculating board that we 


bought from the Westinghouse Company for several 
thousand dollars, and we feel that this money 
very well spent. Previous to the purchase of this 
board, the calculations were made by the slide rule 
long-hand method, and were laborious and expensive 
and could not cover all conditions as _ satisfactorily 


is 


as the calculating board can. ‘The load factor on 
our board for the last year or two has been one 
man’s full time. 

I cannot agree with Mr. Wilson’s remark on the 


relaying of a radial system compared to a loop sys- 
tem, wherein he stated that the radial systems were 
much more difficult to relay. We have been using 
the loop transmission system and associated relay- 
ing schemes for some five, six or seven years, and 
have been struggling manfully to improve our relay 
ing, and it has been quite a task. Our relaying 
performance has gradually improved from 85 per 
cent in 1925; 91 per cent in 1926; 92% per cent in 
1927; 96.7 per cent in 1928, and 98% per cent in 
January, 1929, and 100 per cent in February, 1929 
| can assure you all that it required eternal vigilance, 
both night and day, to improve our relaying per- 
formance, and we only wish that we had had a radial 
system to relay, for we feel that we would have 
arrived at 100 per cent several years sooner. 

In connection with Mr. Cummins’ remark, at the 
early part of this meeting, relative to a certain relay 
problem he had, we encountered a relay problem 
something similar to this a year or two ago, and 
feel that we have a satisfactory solution, and | would 
be pleased to discuss this with Mr. Cummins at 
any time. 


J. S. Murray*: Our Association may well feel proud 
of having men of the ability of Mr. Hussey among 
the membership who find time to furnish such use- 
ful data such as he has presented tonight. The cir- 
cuit breaker question has not received very much 


attention in steel mill systems until a few years 
ago. This was natural, as steel mill power sys- 


tems were comparatively small. Power systems in 
steel mills today are very large, very important, and 
require supervision and maintenance of the same 
caliber at least as the central station system of the 
public utilities. The oil circuit breaker and relay 
system is a very important part of the steel mill 
power system, and will, in my opinion, become 
more important in the very near future, as systems 
of private generating plants enlarge their capacity 
or extend their connection to the public utility sys- 


tems or a combination of both. It is also very en- 
couraging to note the splendid co-operation that 
steel mill engineers are getting from the circuit 


breaker manufacturers in helping to meet the ex- 
acting requirements of steel mill service. 


*Chief Elec. Engr., Follansbee Bros. Co., Toronto, Ohio. 


[ have a few questions that I would like to ask 
Hussey: 
Be 


Mr. 


Co © 


R. 
tions, 


l. 


cas 


What method do you use in testing re- 
lays on oil circuit breakers periodically? 
How do you record these tests and fol- 


low them 


Relay sequence. 


up? 


Time between settings. 


Do you use choke coils with all lightning 


arrester 


installations? I 


have your opinion and the opinions of 


others on 


short transmission lines in steel mills 
2300 and 6600 Y. 


the value 


of 


would like to 
choke coils on 
on 


circuits. 


What spacing of conductors and what is 
the span between towers on the 600,000 
C. M. Cable you mention in your paper? 


Have 
conduit 


you 


found 


bad 


Ca 


ble 


encased 
with pot heads satisfactory in 


in 


feeders entering substation and control 


rooms? 


you use oO 


n 6600 


Volt 


If so, what voltage ratings do 
service!’ 


Are you using any varnish combination 
1 weatherproof 


witl 
in 


cable 
lead 


conduit 


steel 


or 


tread 
otherwise 


but 


no 
with 


ordinary weatherproof conduits for feeder 
If so, are they satisfactory? 
underground 
systems in your plant? 


entrances? 
Are you 


M. Hussey: In answer to Mr. Murray’s ques- 
follows: 


I would at 


using any 


iswer as 


cable 


We have no well defined procedure in 
testing relays on our oil circuit breakers 


periodically. 


We 


al 


cc He 


ww set 1 


Ip to 


check the setting of relays periodically, 
making casual inspection 
recording them in a card index file. 

There is no real good answer to this 
question as to relay sequence and time 


between settings. 


\\ 


e 


have 


of 


endea 


same 


and 


Vi red 


to bring about relay settings whereby 
branch feeder circuits trip first in case of 
trouble, or in case of heavy short cir- 
cuits, feeder relays lock-in their respec- 


tive 


switches 


and 


short 


c 


ircuit cu 


rrents 


rupturing through heavy duty breakers. 
It is common practice with us to use 
lightning arrester 


choke 
installation 


coils 


all 


with 


We 


Ss. 


believe 


that 


choke 


coils at dead ends of all lightning ar- 
rester installations will tend to clear the 


line of 


transient 


lightning arresters. 


In all of 


our 


new 


work we 


voltages through 


have 


the 


used 


a spacing of 42 inches between conduc- 
tors placed in the shape of equilateral 


triangles. 


In some 


wi ork 


where w 


‘fc To 


vamped existing equipment, we have 
some 36-inch spacing, and in some part 


tra 
not 


of the 
have 


feet apart, 


nsmission 
yet done 


except in 


line 


on 


revamping 
there are some 28-inch spacings. 
poles and towers are spaced about 150 


the 


of 


case 


which 


we 
work, 
Our 


two 


100-foot towers where we spaced about 


feet. 
do 


300 
We 


use 


lead 


Ci »vered 


cable en 


cased 


in conduit with cable terminals at either 


end for 


our 


feeder 


branches 


to 


St 


ibsta- 
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tions and control rooms, and have ex- 


perienced comparatively little trouble. 
In some cases I believe we have 15,000 
volt cable installed. 

6. We have used very little cable not lead 


covered in conduit. The small amount 


Cleaning Air 


of such cable with the conduit has given 
no trouble to date. 

7. We do not call our system an_ under- 
ground cable system. We use under 
ground cable only when necessary to tap 
into some overhead line and go under- 
ground to a substation. 


by the Adhesive 


Impingement Method* 


By J. H. MILLIKEN? 


The subject of our meeting this afternoon 1s 
“Air Conditioning.” Air conditioning has two ma- 
jor divisions of interest, the first of which has to do 
with delivery of air to the human occupants of 
building spaces of the proper temperature, humidity, 
cleanliness, and in the right amounts to insure their 
comfort and health. The second division has to do 
with supplying air to industrial processes having 
proper characteristics to assure the carrying on ot 
these processes effectively and economically. 

In steel mills we are particularly concerned with 
the use of air for cooling mill drive motors, turbo 
generators and auxiliary electrical units. Inasmuch 
as the sole function of this air supply is cooling, the 
only concern would be temperature and quantity, 
were it not for the fact that dirt is in this air no 
matter where taken about the plant. 

Dirt very readily accumulates in electrical mach- 
ines due to the abrupt changes of velocity and direc- 
tion of the air streams in these machines, which 
acting somewhat in the manner of an air cleaner, 
throw the greasy dirt against the internal surfaces, 
causing it to lodge in the slots, windings, ducts, 
etc. 

Due to the fact that any air supply carries large 
amounts of dust, considerable thought has been 
given to the possibility of cooling mill motors and 
other apparatus in motor rooms by a constant re 
circulation of the same air using coolers for eliminat- 
ing heat much in the manner of the recirculation of 
air or gas recently used in turbo generators. 

Using a recirculation system it is possible to 
keep the dust out of the machine and have clean 
windings only when the recirculated air is handled 
in a complete metal duct system with air tight 
joints. This is practical on a generating unit where- 
in the expense of this arrangement is justified by 
keeping the volume of combustion supporting gases 
as small as possible but is not usually practical 
with a number of mill motors or other small units. 

It has been found by experience to be impossible 
to make a building sufficiently tight to prevent the 
infiltration of dirt wherein a portion of it is under 
suction, even though you disregard entirely the fact 
that the windows, doors and hatches will be opened, 
from time to time, in the natural operation of the 

*Presented before Combustion Engineering Division of 
the A. I. & S. E. E., at Duquesne, Pa., Jan. 24, 1929 
Louisville, Ky 





*Vice President, Reed Air Filter Co. 





plant. Tests have shown that a very small leak, 
due to its low resistance and high velocity, will 
infiltrate such a large amount of dirt as to mater 
lally affect the overall efficiency of the cleaning 
system. Also if D.C. machines are being used, brush 
dust will be constantly accumulating. 

From the economic standpoint, this arrangement 
is impractical because no advantage is taken of the 
low yearly average outside temperature, permitting 
reduction in the amount of air to be forced through 
the machines and a consequent saving in H.P. in- 
volved in handling the required amount of air at 
less than summer maximum, 

If the building be closed up as tight as possible 
and all of the air recirculated, the total amount of 
dirt handled by the fans will be materially decreased 
but eventually nearly all of it will lodge in the 
machine windings due to constant recirculation and 
the actual results obtained so far as the prevention 
of dirt is concerned will not be appreciably better 
than they would be if outside air were used without 
any means of cleaning. 

Therefore, it is necessary that an efficient air 
cleaner be installed in series with the coolers if the 
machines are to be kept clean. 

Basically the removal of solid matter from air or 
other gases is divided into four methods: 

First, the trapping of dirt by centrifugal 
or baffling arrangements depending upon 
the laws of inertia and mass. The most 
common example being the 
cyclone. 

Second, precipitation by means of elec 
trical polarization which is known as the 
Cottrell system, 

Third, the mechanical wedgement or en 
tanglement of solid matter in screens or nap 
of cloth as exemplified by ordinary screens, 
bag filters, etc. 

Fourth, the adhesive impingement meth 
od, which is the subject of this paper. 

\ device based on one of these methods may 
utilize one or more of the others to a certain extent. 
The first two methods are used for handling dirt in 
heavy concentrations and are widely used in indus 
trial applications but are not concerned with the fine 
cleaning necessary in ventilation or cooling mill 
motors. 

The earliest attempts to clean air used for venti- 
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lation or industrial processes were usually along the 
line of screens made of metal or cloth. Everyone 
was more or less familiar with the use of much 
materials for filtering liquids, bolting, etc., and these 
methods were obviously utilized by reason of their 
familiarity. 

It is ,of course, possible to get a very high clean- 
ing efficiency by passing air through a layer or 
series of layers of very dense cloth or paper but 
certain inherent disadvantages are at once apparent. 
The action of this sort of a filter largely depends 
upon the lodgment of dirt particles in the inter- 
stices of the weave of the material through which 
the air passes and as one of these small interstices 
becomes filled with dirt there is that much less 
opening for the air to pass through, consequently 
the resistance of the device increases rapidly in 
proportion to the amount of dirt that is being col- 
lected, so some means must be found for removing 
this dirt as fast as it collects or by frequent renewal 
of the filtering material if the impedance to the air 
flow is to be kept within any reasonable bounds. 
This sort of air cleaner is in use to a certain extent 
today and where the inconvenience of the resistance 
is not objectionable can be made to do extremely 
efficient cleaning. 

\bout the year 1900 the first air washers of a 
commercial type were introduced and proved to 
have a great many advantages as a consequence of 
which it became standard practice to install air 
washers on all good ventilation projects and on in- 
dustrial projects where the high humidity was not 
a detrimental factor. It was claimed for the air 
washers that they were very efficent in the removal 
of dirt from the air, that they cooled the air, and 
that they also added very desirable humidity. 

In the early days of promulgation of the air 
filter, objection was raised by nearly every engineer 
and architect specifying air washers that with filters 
installed instead of air washers a very vital factor 
in the ventilation system, namely humidification, 
had been eliminated. We did not find this objec- 
tion so strong on the part of the operating men and 
although there may be no apparent reason for it, 
nearly all of the large ventilation jobs go in today 
without any means being provided for this matter 
of humidification, and on many jobs where air fil- 
ters were installed to reinforce the air washers from 
the air cleaning standpoint, the air washers were dis- 
continued from operation and apparently everybody 
is as well or better satisfied that formerly, from the 
standpoint of humidity. This humidity factor is, 
of course, in cooling work not necessary or even 
desirable. 

The cooling claimed for an air washer is of great 
interest to the member of this Society because the 
majority of applications of air in your work is for 
the purpose of carrying away heat and obviously 
the cooler the air the more rapid the transfer of 
heat. The cooling by the air washer depends en- 
tirely upon the conditions under which it is operated. 
If cold water, say 65° Farenheit or less be used, 
then the air will be cooled in its contact with the 
spray aad the flooded eliminator plates. This is the 
only basis on which the cooling of an air washer 
can be constantly and effectively obtained and be 
used as a factor in computing the engineering char- 
acteristics of the air job under consideration. 


This is very common practice in modern the- 
aters, restaurants, hotels and some _ offices where 
constant air temperature is maintained. In this con- 
nection, refrigerating plants are nearly always used 
as there is little possibility of obtaining cold water 
from other sources, at the points where these ap- 
plications might occur. In large centers, architects 
and engineers now have standardized on the use of 
air filters in all fresh air supply systems where the 
above conditions of cooling cannot be afforded. 

When the air being blown through the washer 
has low moisture content, then cooling will be ob- 
tained by the evaporation of the water in the washer 
but this will depend upon the difference in the wet 
and dry bulb temperatures at the particular time. 

Theoretically this cooling is 70% of the differ- 
ence between the wet and dry bulb temperature, 
thus the difference in the wet and dry bulb temper- 
ature might be 15 degree Farenheit and then 10 
degrees cooling will be obtained on the delivered 
air. This, however, is of little practical benefit in 
your engineering calculations as the very day on 
which your equipment might be overloaded to the 
point where this difference in cooling would be of 
benefit might be the very day in which the incom- 
ing air was near saturation humidity and the cool- 
ing would not be obtained. 

If there is a condition where this air is constantly 
being taken over hot furnaces, ovens, mills or some 
such thing and the temperature of the air being 
delivered to the unit to be ventilated has been in- 
creased over the outside temperature and the hu- 
midity content has been decreased, then the cooling 
effect of the air washer would be obtained and the 
water equipment would be desirable apparatus. 

Perhaps in the early days of the air washer when 
the amount of fuel consumed in any given square 
mile was only a fraction of what it is today, the air 
washer was more efficient in cleaning than it is 
today because a larger percentage of the dirt was 
easily wet by water and could be removed by the 
washer. Thorough investigation in recent years 
under our present conditions has shown that the 
efficiency of washers in removing the dirt consist- 
ing mostly of soot and related matter is not suffic- 
iently high for the purpose. 

If larger amounts of greasy soot are allowed to 
pass into the windings this will block up the smaller 
air passages eliminating cooling entirely where that 
eccurs and cut down the rate of heat transfer in the 
others so that air filters must be used even if a 
washer is on the job. In this connection, I would 
like to point out that the first device embodying to 
a certain extent the principal of adhesive surface 
impingement with which we are concerned in this 
paper is the air washer. It was usually thought 
that the spray on an air washer was the means tor 
knocking down the dirt, but some careful checks 
made on air washers disproves that. In certain 
types 90% or more of the total cleaning accom- 
plished by the washer was done on the eliminator 
plates. Many of the dust particles removed would 
be wet to a certain extent by the spray and carried 
by the air stream to the eliminators where they 
would adhere to the wet plates and thus be washed 
down to the sediment pan. 

In fact, some air washers have been produced 
and sold using no sprays at all, having only flooded 
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eliminators of various sorts and apparently are about 
as efficient as the spray type. 

In the design of air cleaning devices there are 
certain fundamentals of considerable importance. 
The most important of these is the efficiency in the 
removal of dirt. If the air filter would be no more 
effective in this respect than other devices from 
which at times you might obtain desired humidity 
or perhaps some cooling, there would be no reason- 
able excuse for their application because an air filter 
has no other function than removing the solid mat- 
ter from the air. 

The second important factor is resistance to the 
air stream by the surfaces picking up the dirt. 
Eliminator surfaces using water could probably be 
so arranged as to get a tairly good efficiency but in 
doing this the resistance would be increased to a 
point far beyond commercial practicality. The most 
important and radical step in the design of air fil- 
ters was the use of an adhesive liquid or medium 
having much higher surface tension than water and 
consequently greater facility for holding the particles 
of dust that have been impinged against the coated 
surface. Thus, immediately was accomplished the 
important fact that an equivalent surface was cap- 
able of picking more dirt out of the air stream with 
the same velocity and consequently no increase in 
resistance. In commercial practice this adhesive 
medium is usually mineral base oil refined to certain 
specifications. It has been found after a great deal 
of empirical investigation that surfaces can be so 
disposed in the air stream using an oil binding 
medium as to obtain very high cleaning efficiency 
and keep the resistance as low or lower than air 
washers and well within a commercially practical 
range. 

‘The first air filters of the impingement type 
used in this country were the cell or unit familiar 
to everyone and in this filter cell a large amount of 
adhesive surface is obtained by packing metal of 
various shapes, usually small in section, into a frame 
approximately 20” x 20” square and 3” to 4” thick. 
In this type of filter the smaller the section of metal 
filament used, the more surface that can be obtained 
in a given cubical content. ‘These small filaments 
thoroughly sub divide the air giving intimate con 
tact resulting in high cleaning efficiency. Due to 
their small size they do not produce abrupt changes 
in direction or flow or areas of negative pressure, 
consequently the total resistance is low. 

This type of filter is intended to be dipped in 
the special oil, allowed to drain for 24 hours or 
more until the major portion of it is drained out 
and is then placed in the air stream where it accumu- 
lates dirt for a period of a few days to a few weeks 
depending upon the amount of dirt in the air to be 
handled, at which time a fresh one is put in its 
place and the dirty one taken out and washed by 
hot water or steam and then dipped in the oil again. 
The handling of these units is done by what we call 
the rotation process, that is, a certain amount of 
these filter units are cleaned at regular intervals 
consequently the total installation has some freshly 
cleaned, some dirtier, and so on, and by a constant 
schedule on this rotation, the resistance of the total 
filter bank is kept at a practically constant figure. 

In the design of the unit filter it is necessary to 
provide that when it has been dipped in the oil it 





will retain sufficient of this oil to moisten all the 
dirt that may be collected in it over this period be- 
cause if the oil would all be absorbed quickly by 
the dirt there would then be some dry surface pre- 
sented and the adhesive impingement principal would 
be lost to a large extent, permitting the dirt to go 
on through the filter. If the filter is so designed 
that it will not hold sufficient oil to moisten all the 
dirt passing into it, it will then become dry and 
permit the dirt to go through and if the cleaning 
of the filters is neglected, the air ducts will rapidly 
become very dirty. If it is designed as previously 
outlined and the cleaning of the filter is neglected, 
then the resistance will steadily rise until the point 
where no air can pass through the filter so it 1s 
essential that cleaning of unit filters be put on a 
definite schedule and maintained. 

There are thousands of installations of this type 
of filter and they are extremely satisfactory wher- 
ever the rotation cleaning is faithfully carried out. 

The amount of dirt to be handled in the steel 
mills is usually so great that it necessitates frequent 
cleaning of these units which becomes a burdensome 
task, consequently a filter that would clean air as 
well as the unit filter and at the same time take 
care of itself in some way so as to relieve the neces 
sity of this hand washing has been desired by large 
users of air filters. A great deal of thought has 
been given to this and a number of types of auto- 
matic or self cleaning air filters have been offered on 
the market. The most obvious line of experiment 
was to construct a filter similar to the unit type of 
filter in nature and then build some means of auto- 
matically washing the dirt out of and re-charging it 
with the oil. 

It was found that the dirt collected on the filter 
surfaces in a film of oil would readily be floated off 
by oil if it had free access to the dirt with a slight 
relative motion. Thus, the cleaning and charging 
of the surface can be done with the same liquid 
medium. 

A number of attempts have shown it to be ex 
tremely difficult to. produce a filter maintaining this 
density of mass of filter media as used in the unit 
filter and clean it by running oil through it or by 
simple immersion in oil. One of the inherent trou- 
bles is oil entrainment, which is important and has 
been the subject of much discussion in air filter 
work, 

As we have pointed out the unit filter is dipped 
in the oil and then allowed to drain free of this oil 
before being put back in the air stream and the 
instructions of all manufacturers are particular about 
this point. 

If it were dipped in the oil and then put right 
back into the air stream it is more than likely that 
so many of the interstices in the filter itself would 
be filled with drops of oil that a static resistance 
would be built up behind it sufficient to force 
through some of these interstices producing a high 
velocity jet which would carry the oil out of the 
filter into the air stream. This oil would be carried 
along until the velocity had dropped sufficiently for 
the action of gravity to work on the particles of 
oil and allow them to drop in the casing. The 
specification for oil used for this work demands that 
volatile matter be eliminated; if proper oil is used 
there is practically no evaporation or condensation 
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in the operation of the filters. If ordinary grades 
of oil are used, this condensation may be consider- 
able. : 

Consequently, in designing automatic filters it is 
essential that it be so done that no points of high 
velocity are possible where there may be an accu- 
mulation of oil which would be carried out of the 
filter into the air stream. 

Our research department found it almost im- 
possible to overcome these difficulties in the dense 
media belt type of filter and developed an auto- 
matic impingement filter wherein we again went to 
larger surfaces and higher impinging velocities. This 
surface was formed into vertical struts or tubes 
round on the side against the air stream and stream- 
lined behind the air stream and arranged in rows 
across the air stream. 

The air is speeded up as it passes between the 
struts in one row and at this higher speed impinges 
on the struts in the next row where it again drops 
in velocity, speeds up and impinges on the follow- 
ing row. All told this occurs nine times in passing 
through the filter. ‘he streamlining of these tubes 
reduces the overall resistance so materially that suffi- 
cient impingement surface can be used in this man- 
ner to get very effective dirt removal. 

If these tubes were dry and the dirt were dry 
the only cleaning that would be accomplished would 
be the dropping out of dirt by reason of gravity as 
is done in other trapping arrangements, consequently 
the most vital element in this filter is maintaining 
the adhesive film of oil on the surface of the tubes 
where the dirt hits it. This portion of the tube is 
coated with bakelite and wood flour which due to 
its nature holds a thicker film of oil on that part 
of the surface. 

Automatic arrangements are provided for taking 

the oil from a reservoir in the bottom of the filter 
to the top of the filter and allowing it to flow down 
over these tubes in a uniform manner which takes 
off the dirt and leaves a fresh film of oil. This is 
done each time the fan is shut down or every eight 
hours. 
The advantage of this type of filter is that there 
is no place for the accumulation of dirt except on 
these straight surfaces and it is therefore easily 
self cleaned. There is a considerable clearance be- 
tween the struts in a row and consequently the oil 
or dirt cannot bridge over from one to another and 
the resistance will always be constant. 

It is absolutely necessary that the air flow be 
off this filter while it is being flushed with the oil 
because if the velocity be on it while the oil is run- 
ning down it will carry the oil around the stream- 
line tubes and have it run down the back of the 
tubes where the dirt does not accumulate, instead 
of the front surface where the dirt is. Under the 
proper velocities this oil will not be carried off the 
filter while it is flushing but as is pointed out, it 
will also be ineffectual in cleaning the filter sa this 
“air off” the filter is imperative. 

Due to this limitation, this filter which is hand- 
ling several million cubic feet per minute of air in 
ventilation work, cannot be applied to mill motors, 
generators, sub-stations and any other work where 
continuous operation is necessary. 

Our experimental department being unable to 
make a satisfactory filter using a continuous belt 


made up of sections similar to our unit filter wherein 
fine metal filaments were packed in a promiscuous 
manner between retaining surfaces of expanded 
metal, decided that this filter medium would have 
to be in a form that would be self supporting. As 
we have previously pointed out, irregular outline 
and rough surfaces are of considerable help in the 
filter medium whereas in going to a mechanical 
form a smooth surface and regular outline would 
have to be used. 

In experimenting with woven wire screen we 
found that if this screen be coated with a bakelite 
and wood flour mixture that was so effective on our 
streamline filter, due to the tooth so to speak that 
this material would put on the wire it would be 
very effective in holding a thick film of oil, and 
consequently picking up the dirt and this led to the 
development of our Multi-Panel Continuous Filter 
which is thoroughly self cleaning, automatic and 
more efficient in dirt removal than any filter we 
have been able to make. 

This filter is made up in the form of an inter- 
mittently revolving vertical screen. It is made in 
standard sections of approximately 30” and 4 in 
width and in height up to 13’. Each section has a 
driven shaft at the top carrying two chain sprockets 
with a fixed shaft at the bottom carrying two loose 
sprockets and a tension adjustment for tightening 
the vertical chains running over the sprockets. Each 
link of these two chains carries an eye which sup- 
ports a horizontal steel rod. From this rod is sus- 
pended a corrugated double woven screen panel 
approximately 8” wide which has been coated with 
the bakelite. This panel has a spot welded loop 
around the horizontal rod and also has a_ smal! 
stiffening rod at the other edge. These panels lap 
on each other while in the air stream to form the 
necessary thickness to get the maximum cleaning 
efficiency. 

This continuous belt of panels revolves through’ 
an oil reservoir at the bottom which oil washes tne 
dirt off the panels and leaves a film of oil on them 
as they again come up into the air stream. In 
operation this belt of panels is revolved 34” every 
twelve minutes. This is accomplished by a telechron 
type of electric interrupter which every twelve min- 
utes closes a solenoid switch energizing the driving 
mechanism which in the case of steel mill work is 
a solenoid operating a ratchet on the end of the 
drive shaft. 

We use this drive rather than a constant speed 
gear reduction because we have found that the 
intermittent travel at a higher speed insures the 
cleaning of the panels in the oil reservoir. It has 
been previously pointed out that the removal of dirt 
from the filter surfaces depends upon relative motion 
in the oil bath. 

When these panels reach the oil at the bottom they 
separate one from the other and due to the fact that 
this screen is comparatively large in mesh and regular 
in outline the movement through the oil very readily 
washes the dirt off the panels that has been accu- 
mulated. As they move further they come up out of 
the oil separately, which makes quick draining of 
surplus oil possible, and after this draining has been 
complete they begin to lap and move into the air 
stream where the filter is in effect re-assembled for 
the air cleaning operation. 
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Thus it will be seen that due to two very simple 
and radical changes in air filter methods, we have 
eliminated all the inherent troubles of continuously 


moving filters. The bakelite treatment gives us 
cleaning efficiency of better than 99% and the panel 
separation insures thorough cleaning, proper drain- 
ing and consequently no possibility of oil entrain- 
ment or clogging of the filter. The dirt accumulates 
in the bottom of the oil reservoir and we have 
provided a very simple false bottom to each tank 
section which can be removed from the reservoir 
when it becomes filled with sludge, taken out, and 
the dirt dumped out of it. On very large installa- 
tions it will undoubtedly be an economy to provide 
a central oil handling plant piped to the various 
filter sections wherein the oil can be cleaned by 
sedimentation or other means. 

As to the method of determining the efficiency 
of air filters, there has been a great deal of dis- 
cussion as to the various highly technical methods 
for doing this, but we have found that the operating 


man usually sizes up the situation by stating that 
the apparatus or equipment that he is protecting by 
the filter, is clean or dirty, rather than giving an 
abstract discussion of thousandths of a grain per 
cubic foot, color charts or that sort of thing, so we 
recommend a visual comparative test. To simplify 
this we have made comparators in the form of a 
recessed opening or cup in a celluloid plate with a 
hole through it so arranged to insure the air coming 
in contact with this surface when passing through 
it. This cup is coated with a light layer of white 
vaseline and rigidly suspended in the air stream 
both before and after the device to be tested, and 
the relative cleanliness of the air will be easily ob- 
served after a few hours or days, depending upon 
the amount of dirt in the air being handled. 

Tests made in a well known steel plant showed 
the efficiency to be considerably better than 99%. 
These plates had been placed in the air stream before 
and after the filter for a continuous period of 142 
hours. 


Spring End Trucks for Cranes* 


By JOHN MUNTZ+ 


Resilient mounting of wheels on vehicles is so 
generally accepted as a matter of course that it 


would scarcely occur to anyone to design a vehi- 
cle of any kind to travel on roads without the 
resilient mounting of its wheels, even for modern 
smooth and hard roads. Probably the first horse- 
drawn street cars were tried without spring mounting 
of the wheels, but if so, it must have been early 
recognized that resiliency in the mounting of wheels 
was a necessity, and an early primitive type of such 
mounting consisted merely of a thick rubber block 
between axle box and car frame. This was 
discarded in favor of a still more resilient mounting 
and the more the speed of travel of a vehicle was 
increased, the greater attention was bestowed on 
the resiliency of such mounting. 

Overhead traveling cranes are vehicles with very 
small wheels and very great mass in comparison 
with other vehicles, two tactors which should tend 
to emphasize the desirability of resilient mounting, 
yet due probably to the fact that few persons travel 
on cranes, desirability of resilient mounting of track 
wheels on cranes has been very much overlooked. 

Railroad equipment while rolling on tracks sup- 
ported by wood ties on stone or gravel beds, form- 
resilient base in itself, is further 


soon 


ing a_ splendid 
cushioned by use of leaf or helical springs. Over- 


head crane runways are cushioned in no such man- 
ner, and the runways themselves may be in far less 
perfect state of repair than the railroad tracks. 
Therefore, up to the present, the overhead crane has 
had to meet conditions of runway considerably worse 
than the railroad and it has not been fortified with 
the cushion obtained through springs with which 
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every railroad car and locomotive is adequately 
equipped. While the speeds of railway equipment 
are far greater than those of traveling cranes, the 


railroads as a rule do not carry the delicate elec 
trical equipment used on present-day cranes. When 
they do, as in the case of electric railways, not only 
are the cars well cushioned by springs, but the fre 
quency of use of such equipment is very much less 
than the continuous operation of the several move 
ments of an overhead crane. 





Fig. I. 


Spring End Truck 


Largely at the suggestion of Mr. E. L. Upp, the 
Shaw Spring Type End Truck was developed a few 
years ago, and the results obtained from the use of 
have proven so encouraging that it seems a 
safe prediction that when this construction has been 
further demonstrated and generally understood, there 
will be speedy development of the idea of providing 
even greater resiliency. This in turn probably will 
permit higher traveling speeds than now employed. 

The advantage of mounting the bridge of a 
crane on springs was quickly recognized in mills 
where this construction has been employed. Elec 
trical Superintendents look for less maintenance cost 
of the electrical equipment due to the elimination of 
shock and jar to the crane itself; bolts remain tight, 
and, whereas it may seem a trivial matter to state 
that the operator is much less fatigued, it neverthe- 
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less is the case that the operators have definitely 
stated their preference for running the spring truck 


cranes; the smoothness and freedom from jar 


immediately 


is 


apparent, particularly so where the run- 


way is in bad shape and there are gaps in the 
rail joints. 

The beneficial effect of this construction on the 
runway and the building itself is even greater. The 


runways on which spring truck cranes operate are 
subject to far less shock, rail clips remain tight and 
eneral condition of the runway is greatly im- 


the 


Oo 
o 





Fig. II. Phantom View of Spring End Truck 


proved which again means considerably less main- 
tenance cost. 

The construction of the spring end truck is ex- 
ceedingly simple and yet unique in several instances. 
The bridge girders are joined by a hollow box sec- 
tion steel member and are rigidly attached thereto 
using the usual notched construction and _ gusset 
plates. Directly under the line of the trolley rails 
there is a fulcrum pin on which is suspended a 
smaller member, or equalizer, the wheel end of 
which incorporates the axle bearing, either roller 
or M.C.B., the cross shaft end bearing and _ the 
bumper block. The other end of this equalizer is 
forked and drilled for an eye bolt. The eye bolt 
extends up through a hole in the box section and 
is suspended on a nest of four car springs. Adjust- 
ment of the spring compression is obtained by a 
large castelated nut on the eye bolt. The eye bolt 
end of the equalizer extends into the box section 
and well supported for side thrust by bronze 
thrust washers that bear directly against large bear- 
ing pads on both sides. Provision has been made 
for lubricating all moving parts. 


is 


Discussion--Surveys of Lighting and Voltage 
in the Steel Industry 


A. J. Standing*: | think we enjoyed the paper 


presented by Mr. Hibben this morning. Papers vary 
somewhat. Sometimes the author the paper 
rather shy of material and the value of the meeting 
must be made up by extemporaneous remarks from 
the listeners. ‘This morning, however, this is not 
the case. ‘This was so extremely replete with in- 
formation that I think all of us operating men have 
gained a great deal from Mr. Hibben’s paper. 

[ have a number of notes here for discussion, 
but as you realize, we have a paper to follow, and 
while this is the last electrical session of the con- 
vention, we don’t want to play too much on your 
good will and overrun our meeting too long, so the 
discussion must necessarily be very much curtailed. 


ol 1S 


[ don’t think lighting conditions can be as bad 
as Mr. Hibben’s survey shows in plants where the 
electrical department is under the control of mem- 
bers of this Association. If those conditions to 
obtain there, then I certainly am ashamed of the 
Association. 

I would like to ask H. L. Johnson of the Du- 
quesne Light Company to give us his end of this 
lighting situation. 


H. L. Johnston}: I am here, Mr. Chairman, pri- 
marily to hear something from the experience of 
the operating men present. Being with the utility, 
our lighting work covers a very broad cross sectron 
of the field. We are particularly interested locally 
in the problems of the steel industry. 

Our findings in the commercial as well as the 
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industrial field are very much along the same lines 
as outlined by the previous speaker. Very often 
the lighting system develops a section at a time 
without definite plans for a complete system, fre- 
quently resulting in inadequate wiring for the com- 
plete plan. This inadequate condition obtains quite 
generally throughout the industrial and commercial 
lighting field. 

A case came to my attention recently which re- 
quires an improved lighting system. In order that 
a suitable system may be developed, a complete 
electric service must be provided from the panel 
board to the lighting equipment. 

In looking over the situation and reviewing the 
different industries, the point that strikes me most 
forcibly, is that of the automobile industry—one of 
the most recent, and still a very strong and healthy 
one, is in foremost providing for the use of adequate 
light. This use of light is based on increased pro- 
duction and a lessening of the accident hazard. 


A. J. Thompson*: Supplementing what Mr. Hib- 
ben has said in his very interesting and instructive 
talk | want to emphasize, in just a word, the im- 
portance of frequency of cleaning, in the matter of 
lamp maintenance. 

There are three or four points of advantage grow- 
ing out of frequency of cleaning—the more frequent- 
it is done, of course, the more light will be thrown 
down into the working area; the work will be done 
easier if done before the dirt has become dried or 
baked on. The easier it the less time it will 
take, and the less time it takes the less it will cost 
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—all of which tends toward maximum service from 
the reflector at the minimum cost, 

The greatest problem in reflector cleaning is ac- 
cessibility—the means of accessibility should be 
adapted to the conditions where the work is to be 
done. It would be interesting to see how far one 
of those step-ladder trucks would be able to pene- 
trate the average steel plant, foundry floor, blast 
furnace plant, forge shop, ete. 

The logical means of accessibility in most places, 
especially in steel mill work, is afforded by a lamp 
lowering switch, which enables the work to be done 
on the ground in a position of safety, where the 
man can work in comfort and with efficiency. 

It seems a pity for people to pay what they have 
to pay for as good a piece of apparatus as a modern 
reflector is, and then put it up in such a way that 
they make a joke of it, because somebody forgot 
or overlooked making adequate provisions for acces- 
sibility so that the reflector could be kept in proper 
working condition. 


George Pfeffer*: There is one thing that comes 
to my mind. 1 think it would be a decided im- 
provement if the reflector manufacturer could devise 
some coating that would better withstand the action 
of the gas and the dust than the present coating. 

In the majority of cases, where the reflector is 
cleaned, the person who cleans it resorts to an abra- 
sive such as sand. The result is that the reflecting 
surface is soon destroyed. There are many clean- 
ing compounds on the market which the reflector 
manufacturers could recommend to their own ad- 
vantage and also to the advantage of the person 
using the reflector. We have used several such 
compounds with very good results—in several cases, 
reflectors which at the first glance looked as though 
they were beyond cleaning, were cleaned with very 
good results, and without damaging the reflecting 
surface. 

There are many places that I have gone to visit 
that bear out Mr. Hibben’s remarks as to the proper 
maintenance of lights. The last thing that seems 
to receive attention is the cleaning of reflectors, with 





*Florence Pipe Foundry & Machine Co., Florence, N. J. 


the result that the lighting, which originally was 
very good, at the end of three or four months is 
very poor. Nothing pays bigger dividends than 
good lighting. It receives less attention than any- 
thing in the plant. 


A, J. Standing: There is a certain tie between 
the two papers presented this morning, as far as 
the complaint of low voltage is concerned, Often- 
times a light in the circuit may benefit by the volt- 
age necessary to operate magnetic controllers. Per- 
haps we pay more attention to adequate operating 
voltage on controllers than on lighting, but the 
lighting rides along and get the benefit anyhow. 

[ think, however, that all of us in our plants 
today are paying a great deal more attention to 
what used to be called more or less unimportant 
details, because we realize those details are costing 
us money, and everyone today has got the cost fea 
ture pretty thoroughly implanted in his mind. If 
he doesn’t have, it will pretty soon be put there. 

So the proposition of adequate lighting in safety 
and production, efficiency and economy, and the 
necessary wiring voltage to produce that, reflect di- 
rectly on the cost of our operation as does any 
other feature of our more or less miscellaneous 
equipment in the steel plant. 


S. G. Hibben: In regard to the last remarks on 
non-tarnishing reflectors, I think you are all familiar 
with the fact that the equipment manufacturers are 
striving to get these harder-surface and more dur- 
able reflector units. Without question, the pris- 
matic glass is durable, although the question of ac- 
cidental breakage is always a factor. The biggest 
step forward | think in recent months has_ been 
the application of chromium plating to metal. The 
chromium-plated metal surface, when properly pre- 
pared, will withstand ordinary abrasives. It is about 
the hardest stirface we know. It is untarnishable, 
but it has to be prepared on a hard backing. Ordi- 
nary chronium on soft copper may break through. 
So with a little further study of chromium-plating, 
I think we will solve the problem of the cleanable 
surface, and have unbreakable reflectors. 
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Mr. Thomas A. Edison, Scientist, Philosopher, Inventor and Engineer. During the month of October, over 
300 cities in the United States will celebrate the fiftieth anniversary of the invention of the Incandescent Lamp with 
parades, pageants and public gatherings. 
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ltems of Interest 


Of interest to Shop Superintendents and matcrial 
handling executives is the recent appointment of 
Mr. George R. Harrison as Cleveland Representative 
for the Reading Chain and Block Corporation, of 
Reading, Pa., with offices at 362 Rockefeller Build- 
ing, Cleveland, Ohio. 


Announcement has just been made of the ap- 
pointment of Blake C. Hooper as Sales Manager 
of the Baker Industrial Truck Division of the Baker- 
Raulang Company, Cleveland, Ohio, 

In addition to his new duties as Sales Manager 
of the Baker Industrial Truck Division, Mr. Hoover 
will continue in active charge of the company’s rail- 
road department. 


Mystic Iron Works has retained Freyn Engineer 
ing Company as consulting engineers in connection 
with work contemplated at its plant near Boston, 
Mass. 


The Roller-Smith Company, 233 Broadway, New 
York City, announces a new issue of its Bulletin 
No. 810, covering its Types TW, FW and STW 
thermo-couple ammeters and milli-ammeters for di- 
rect current and alternating current of all frequen- 
cies, including radio frequencies. 

The Type TW (38%”) and FW (4”) cover a 
range of 100 M.A. to 20 amperes and the Type 
STW (7%”") from 10 to 100 amperes. 

These instruments incorporate a new and im- 
proved form of thermo-couple, which is distinguished 
by very high overload capacity and sustained ac- 
curacy over a wide range of temperature. 

A copy of the new Bulletin No. 810 will be for- 
warded upon request. 

The Asano Bussan Company has retained Freyn 
Engineering Company in connection with the design 
of a complete blast furnace plant to be located in 
Japan. 


The Hyatt Roller Bearing Company, of Newark, 
N. J., are now manufacturing single row radial bear- 
ings to satisfy a demand for a roller bearing inter- 
changeable with standard S. A. E. single row ball 
bearings, but having greater load capacity. This 
new Hyatt line, made up of solid rollers, is not 
intended to replace the standard Hyatt Roller Bear- 
ings, but is offered as a supplement to it, for posi- 
tions in which space limitations exist and loads 
beyond the capacity of ball bearings must be sus- 
tained. 


The United States Electrical Manufacturing Com- 
pany, with headquarters in Los Angeles, California, 
have prepared a very interesting booklet entitled 
“The Story of U. S. Motors,” describing their var- 
10us types of motors and applications, newest de 
velopments in design and various methods of manu- 
facture. The book is written in semi-technical fash- 
ion and is well illustrated with photographs and 
technical delineations. Copy of this booklet may be 
procured by any one interested. 


The Edwin L. Wiegand Company, makers ot 
Chromolax heating units have moved their factory 
and offices to 7500 Thomas Boulevard, Pittsburgh, 
Penna. The new factory will give increased facili 
ties for manufacturing and engineering on various 
heating units. 


The George D. Whitcomb Company, of Rochelle, 
Illinois, have recently prepared a booklet entitled, 
“Locomotives with Internal Combustion Engine 
Drive.” This booklet outlines the advantages ef 
fected by using locomotives powered with internal 
combustion engines. Copies will be sent to all in 
terested parties on request. 


Council will hold their 

Congress in Chicago, 
Meetings in the 
Exhibit 


The National Safety 
Kighteenth Annual Safety 
September 30th to October 4th. 
Stevens, Blackstone and Congress Hotels. 
will be held in the Stevens Exhibit Hall. 


A new catalogue on Centrifugal Blowers and 
Compressors for Gas Plants, Blast Furnaces and 
General Industrial Service, is being distributed by 
the De Laval Steam Turbine Company, of Trenton, 


N. J. The catalogue describes applications, design 
and construction, manufacturing methods and ma- 
terials and compression of gases. The catalogue is 


freely illustrated with photographs and charts. Copy 
of the Catalogue F may be obtained by application 
to the above office. 


The Delta-Star Electric Company, Chicago, IIli- 
nois, have ready for distribution bulletin No. 70, 
describing and listing their new drop forged “Uni- 
clamp” pipe fittings. 

This is a radically new type of fitting, compris- 
ing five parts from which innumerable combinations 
can be assembled in the field. 

Copy of this bulletin will be mailed upon request. 


The Farrell-Birmingham Company, of Buffalo, 
New York, has recently completed a metal forming 
mill of an entirely different type to those which 
have been in use during the last twenty years. The 
design of this new mill conforms closely to the de- 
sign of continuous mills for rolling hot bar and 
strip. 

Fach stand is an individual unit and has an in 
dividual drive. Formerly it was the practice to 
drive a series of rolls through a train of spur gears 
which resulted in noise, vibration and surge or tramp 
and which was clumsy and _ inflexible. 

Kach individual drive uses bevel gears encased 
in cast iron and receives power from a single back 
shaft driven by one motor. 

The individual stand houses the spindle bearings, 
the connecting gears and the mechanism for adjust- 
ing the roll centers. It has greater strength and 
heavier weight than the previous designs. It pro 
vides a solid and stable installation which improves 
the quality and finish of the product. 

\With the individual stand it is possible to add 
or subtract from the mill from time to time as 
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different shapes of metal are formed. On_ heavy 
production work a duplicate set of stands can be 
made ready so that at the finish of one production 
job the changeover can be immediately effected. 

Both the stand and the gear drive unit are htted 
throughout with anti-friction bearings and are lu- 
bricated automatically. This is done to ensure high 
efficiency, reliability and smooth silent transmission 
of power. 

the adjustment for the top roll spindle is worthy 
of particular attention. Both top and bottom = spin- 
dles are held rigidly to the roll housing during the 
rolling operation and there is theretore no backtasn 
and wear. 

The top roll spindle is carried in anti-friction 
bearings in a single saddle and 1s placed against tne 
cap by heavy springs and held in place by guide 
plates. 

The wedge, which is free to move in and out, ts 
inserted between the top roll spindle saddie and the 
housing cap. ‘lhis movement is controlled by the 
horizontal screw thread with a hex head on the 
outside. 

Vo elevate or depress the top roll spindle it ts 
only necessary to turn the hex head or the screw 
to the right or left. By the introduction of two 
cap bolts which pass through the cap of the roll 
stand and the weage, and are threaded into the top 
roll spindle saddle itselt, this saddle and the wedge 
can be clamped tight against the cap when the mil 
is at work. 

\ll materials entering into the construction of 
this metal forming mill have been selected with 
vreat care. ‘he steels are heat-treated and of alloy 
analysis. Semi-steel is used instead of cast iron. 


Development of a new metal known as “Konel,” 
which is credited with being much stronger than 
other metals at high temperatures and which can 
be used extensively in the moving parts of internal 
combustion engines and other extremely hot places, 
has been announced by officials of the Westinghouse 


Electric and Manutacturing Company. The = an- 
nouncement followed the granting of toreign patent 
rights. 


Originally developed by the \Westinghouse Re- 
search Laboratories as a substitute for platinum in 
the manufacture of filaments for radio tubes, the 
new metal was discovered to be harder to forge than 
steel, and to be very tough at high temperatures, 
when most metals lose their strength. Engineers 
predict many uses for Konel. 

The new metal was created by Dr. EK. F. Lowry, 
a graduate of Ohio State University. As a substi- 
tute of platinum, Westinghouse officials are author- 
itv for the statement that Konel already is saving 
approximately $250,000 monthly in the manufacture 
of radio tubes. 

Platinum costs approximately $180 per ounce, 
while the new substance costs only a few dollars a 
pound. Life of Konel filaments is approximately 
ten times longer than other filaments. ubes with 
hlaments made of the new metal are operated 175 
degrees colder than tubes with platinum filaments 
but ‘with: the same emission, thereby giving better 
reception results, research engineers say. 


last vear it was a notable feat when electrical 


engineers, after months of patient working, watch- 
ing and waiting in the Allegheny Mountains ob- 
tained the first oscillographic picture of a natural 
lightning surge on a high voltage transmission line. 
This year the story has been much different,—ob- 
taining such lightning records has been reduced al- 
most to routine, so fortunate have the engineers 
been with their cathode-ray oscillographs or mil- 
lionth-of-a-second cameras. 

At Wallenpaupack, Pa., where the first record 
was obtained last year, the engineers had obtained 
more than a score of the pictures betore the middle 
of July this season, and other engineers with similar 
equipment had secured like records along high volt 
age transmission lines in Ohio. And those obtained 
this year support the revelations of last year’s ob 
servations,—that when lightning strikes a transmis 
sion line, or causes a voltage surge by induction, 
the voltage in the line frequently is built up to an 
extremely high value—often millions of volts—in a 
few millionths of a’ second, drops to half the value 
within another few millionths of a second, and 
returns to normal voltage within less than one hun 
dred micro-, or millionths, seconds. 

At Wallenpaupack, where engineers of the Gen- 
eral Electric Company are co-operating with engin- 
eers of the Pennsylvania Power & Light Company 
in investigations on its 220,000 volt transmission 
system for the fourth consecutive vear, the equip- 
ment has been augmented this season by the addi 
tion of a second cathode-ray oscillograph as well as 
more surge voltage recorders, lightning measuring 
antennae and other special equipment at intervals 
along the 65 mile line extending from Wallenpau- 
pack to Siegfried. 

At Newcomerstown, Ohio, where a_ similar 
lightning record has been obtained this season, the 
General Electric Company engineers are co-operat- 
ing with the American Gas and Electric and the 
Ohio Power Companies, employing one oscillograph 
and a number of surge voltage recorders along the 
Philo-Canton 132,000-volt > transmission line. 

The records do not represent just one storm but 
a series of storms, the first of the season having 
been on May 3rd. 

In the case of the picture obtained in 192s, it 
was determined that the lightning caused the voltage 
to rise to an extremely high value in cight mil- 
lionths of a second, to drop to half that value in 
another nine micro-seconds, and to be back to nor 
mal in a total of 35 microseconds. Last year’s rec- 
ord also showed that the lightning caused an arc- 
over of the insulators of one or the other wires ot 
the three-wire system, this arc-over being indicated 
in the record by a rapid oscillating of the beam ot 
cathode rays. This lightning surge reached a peak 
of about 2,500,000 volts at a distance of 17 miles 
from the oscillograph, as measured by a surge re- 
corder. 
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